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PREFACE. 

'V 

r I "^HE  importance  of  the  fub- 
A je^t  of  magnetifm,  princi- 
pally in  navigation,  and  the  obfcu- 
rity  of  the  caufe  which  produces 
its  wonderful  phenomena,  has,  from 
ages,  excited  the  attention  of  very 
able  philofophers  and  mathemati- 
cians, who,  with  diligent  affiduity, 
and  profound  confideration,  have 
examined  the  properties  of  the 
magnet,  and  have  framed  hypo- 

A 2 thefes 
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PREFACE. 

thefes  for  their  explanation.  Seve- 
ral of  thofe  labours,,  though  not 
crowned  with  difcoveries,  are  ne- 
verthelefs  exceedingly  ingenious, 
and  deferve  fome  attention. 

To  arrange  thofe  obfervations  in 
a proper  order,  to  defcribe  the  va- 
rious hypothefes,  and  the  manner 
in  which  the  phenomena  of  mag- 
netifm'  have  been  attempted  to 
be  mathematically  deducible  from 
them,  was  the  author’s  original 
intention ; but  when  the  work  was 
nearly  accomplifhed,  its  great  bulk, 
and  the  intricacy  of  the  mathema- 
. tical  part,  incompatible  with  the 
genius  of  the  generality,  of  readers, 
and  even  with  the  patience  of  ma- 
thematicians; conhdering  that  thofe 
calculations  were  feldom  productive 
of  remarkable  confequences ; the 

original 
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PREFACE. 

original  plan  of  the  work  was  re- 
linquiflied,  and  much  labour  was 
bellowed  in  diverting  it  of  the  ab- 
rtrufe  part,  and  contra<rting  it  into 
the  form  in  which  it  is  now  made 

The  object  then  of  the  following 
Treatife  is  to  exhibit  a comprehen- 
live  view  of  the  prefent  rtate  of 
knowledge  relative  to  magnetifm  ; 
the  author  having  difpofed  the  va- 
rious particulars  in  that  order  which, 
feemed  mort  likely  to  lead  the 
reader  from  the  rtmplert  to  the 
mort  intricate  and  depending  part 
of  the  fubjedl,  by  the  plainert  and 
ihortert  ways. 

The  firrt  Part  treats  of  the  laws 
of  magnetifm,  viz.  of  thofe  pro- 
perties, and  their  limits,  which  have 
been  afcertained  by  a great  num- 
ber 
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ber  of  experiments  and  obferva- 
tions,  and  which  are  independent 
on  any  hypothecs. 

In  order  to  diftinguifh  the  know- 
ledge of  certain  fa£ls  from  the  lup- 
poEtion  of  their  caufes,  and  the 
improbability  of  moft  of  thofe  fup- 
poEtions,  the  fecond,  and  by  far 
the  EiorteE,  Part  of  the  book,  has 
been  allotted  to  the  hypothefes  of 
magnetifm. 

The  third  Part  treats  of  the  prac- 
tice of  the  fubjcdt,  ^oiz.  it  contains 
a feries  of  fuch  experiments  as  are 
neceflary,  and  fufficient  to  demon- 
Erate  the  certainty  of  the  laws 
mentioned  in  the  Erft  Part,  and  to 
employ  thein  for  the  various  pur- 
pofes  to  which  they  are  fubfer- 
vient. 

The  fourth,  and  lafl  Part,  con- 
tains 


PREFACE.  vii 
tains  the  various  experiments  made 
by  the  author  himfelf,  relating ‘to 
raagnetifm. 

There  will  be  alfo  found  inter- 
fperfed  throughout  the  work,  va- 
rious remarks  and  hints,  ufeful  to 
thofe  who  may  be  willing  to  pro- 
mote the  farther  inveftigation  of 
the  fubje6l;  but,  on  the  other  hand, 
the  author  has  thought  proper  to 
omit  feveral  trifling  particulars, 
which  might  be  eaiily  fuggefted  by 
the  ingenuity  of  the  reader,  and 
divers  experiments,  which  feemed 
to  be  only  variations  of  thofe  in- 
ferted  in  the  book. 

Laftly.  To  render  the  work 
more  perfpicuous  and  ufeful,  two 
copper-plates  and  a copious  index 
have  been  added  to  it. 
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PART  L 


LAWS  OF  MAGNETISM. 


CHAPTER  I. 

Containing  a gene?^al  idea  of  Magnetifm^  and 
the  explanation  of  the  technical  words. 


SOLID  mineral  body,  -which  has 
jL  JL.  the  property  of  attracting  iron,  or 
ferruginous  fubftances,  befides  other  pro- 
perties peculiar  to  itfelf,  has  been  called 
a natural  magnet y or  loadfione"^ , And,  as 

the 


* The  word  magnety  by  fome  ancient  writers,  is 
derived  from  the  name  of  a ftiepherd,  l)y  whom  they 
fuppofe  the  magnet  to  have  been  firfl  difcovered  om 
mount  Ida.  It  has  been  more  commonly  called  laps 
Heradeusy  by  Pythagoras,  Aridotle,  Euripides,  and 

B others, 
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the  fame  properties  may  be  communicated 
to  iron,  fteel,  and  other  ferruginous  fub- 
flances ; thofe  bodies,  after  having  ac- 
quired the  magnetical  properties,  are  called 
artificial  magnets. 

A magnet,  v/hether  natural  or  artificial, 
is  always  polfefled  of  the  following  cha- 
radteriftic  properties,  which  are  infeparable 
from  its  nature  ^ fo  that  a body  cannot  be 
called  a magnet  unlefs  it  be  poffefled  of 
all  thofe  properties  at  the  fame  time:  nei- 
ther is  there  any  inftance  of  a magnet’s 
being  produced,  which  had  only  one  or  a 
few  of  thofe  properties,  without  fhewing 
any  of  the  reft. 

1 . A magnet  attradls  iron  and  other 
ferruginous  fubftances. 

2.  When  a magnet  is  placed  fo  as  to 
be  at  liberty  to  move  itfelf  eafily,  as,  if  it 
be  fufpended  by  a thread,  &c.  it  turns 
one,  and  conftantly  the  fame  part  of  its 

others,  from  Heraclea,  a city  of  Magnefia,  a part  of 
ancient  Lydia,  where  it  is  fuppofed  to  have  been  firft 
found.  It  has  likewife  been  called  lapis nauticusy  from 
its  ufe  in  navigation;  andy?im/^/,  from  its  property  of 
attrafting  iron,  which  metal  is  called  in  Greek. 

furface 
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furface  towards  the  north  pole  of  the  earth, 
or  towards  a point  not  much  diftant  from 
it;  and  of  courfe  it  turns  the  oppofite 
part  of  its  furface  towards  the  fouth  pole 
of  the  earth,  or  towards  a point  not  much' 
diftant  from  it.  Thefe  parts  on  the  fur- 
face of  a magnet  are  therefore  called  its 
polesy  the  former  being  denominated  its 
North  poky  and  the  latter  its  South  pole. 

The  property  itfelf  is  called  the  magnetos 

\ ^ 

diredtive  power y or  magiietic  polarity  •y  and 
when  a magnetic  body  places  itfelf  in  that 
diredlion,  it  is  faid  to  traverfe.  A plane 
perpendicular  to  the  horizon,  and  paffing 
through  the  poles  of  a magnet  when 
(landing  in  their  natural  diredlion,  is 
called  the  fnagnetic  7neridian  : and  the  an- 
gle made  by  the  magnetic  meridian  and 
the  plane  of  the  meridian  of  the  place 
where  the  magnet  (lands,  is  called  the 
dechnation  of  the  magnety  or  more  com- 
monly declination  of  the  magnetic  needle  ; 
becaufe  the  artificial  magnets,  mollly  ufed 
for  obferving  this  property,  are  generally 
made  flender,  and  fomewhat  in  the  fliape 
of  a needle ; or  becaufe  real  fewing  needles 

B 2 themfelves 
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themfelves  have  been  often  ufed  for  this 
purpofe.  - ' 

3.  When  two  magnets  are  placed  fo 
that  the  north  pole  of  one  is  oppolite  to 
the  fouth  pole  of  the  other,  then  they  at- 
•trad:  each  other ; but  if  the  fouth  pole 
of  one  magnet  be  placed  oppofite  the  i»q 
pole  of  the  other  magnet,  then  they  repel 
each  other.  In  lliort,  magnetic  poles  of 
the  fame  name  repel  one  another,  whereas 
thofe  of  a different  name  attrad  each  other. 

4.  When  a magnet  is  placed  fo  as  to  be 
at  liberty  to  move  itfelf  very  eafily,  it  ge- 
nerally inclines  ’one  of  its  poles  towards 
the  horizon,  and  of  courfe  it  elevates  the 
other  pole  above  it.  This  property  is  ' 
called  the  inclination  or  dipping  of  the 
magnet,  or  more  commonly,  of  the  magne- 
tic  needle,  for  the  reafon  abov^-mentioned. 

5.  Laftly ; Any  magnet  may,  by  proper 
methods,  be  made  to  impart  thofe  pro- 
perties to  iron,  fteel,  or,  in  fliort,  to  mod; 
ferruginous  fubftances. 

The  experience' and  induftry  of  man- 
kind have  gradually  difeovered,  examined, 
afeertained^  and  employed  for  various  ufe- 

ful 
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ful  purpofes,  thofe  magnetical  properties ; 
and  it  is  the  objedl  of  this  work  to  defcribe, 
in  a concife  and  perfpicuous  manner,  the 
laws,  which  have  been  afcertained  by  thofe 
innumerable  obfervations',  and  the  ufes  to 
v/hich  they  have  been  rendered  fubfervient. 
Thofe  laws  and  their  ufes  are  methodically 
laid  down  in  the  following  pages,  there 
being  allotted  to  each  chapter  thofe  parti- 
culars, which  were  mofh  connedled  with 
each  other : but,  as  the  whole  adtion  of 
magnetifm  feems  to  be  confined  folely  or 
principally  to  iron,  arid -to  thofe  bodies 
which  contain  that  metal  in  fome  ftate  or 
other,  it  will  be  neceflary  to  premife  the 
natural  hiftory  and  chymical  properties  of 
that  fubftance,  at  lead  fuch  as  may  be 
deemed  neceflary  for  the  comprehenfion 
of  the  fubjedl,  or  likely  to  open  the 
way  to  farther  difeoveries- 
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CHAPTER  II. 

natural  hijlory  and  principal  properties 
of  Iron  ; and  of  the  natural  Magnet y or 
Loadjione. 

IRON  is,  of  all  the  metals,  the  moft 
fubfervient  to  human  life ; and,  at  the 
fame  time,  it  is  very  remarkable,  that  its 
nature  is  far  from  being  perfectly  un- 
derftood,  or  fufficiently  inveftigated.  It 
is  reckoned  amongft  the  impcrfed:  me- 
tals, on  account  of  its  being  fubjedl 
to  ruft  or  calcination ; and  its  fpecific 
gravity,  though  fubjedl  to  a little  varie- 
ty, yet  is  feldorn,  if  ever,  lefs  than  7,6,  or 
exceeds  8 times  the  weight  of  diftilled 
water. 

Iron  is  found  almoft  in  any  place,  and 
is  extracted  from  the  bowels  of  the  earth, 
it  being  therein  found  either  by  itfelf  in 
a metallic  Rate,  which  is  called  native  iron, 
or  mixed  with  various  other  fubftances ; 
which  compounds,  when  the  iron  or  mar- 
tial part  contained  in  them  is  in  a confi- 
derable  proportion,  are  called  iron  ores. 

The 
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The  iron  ores  defcribed  by  the  latefl 
mineralogifts,  and  their  principal  names, 
are  the  following : 

1.  T!he  Jleel  ore,  which  confifts  of  a 
brown  calx  of  iron  mixed  with  iron  in 
its  metallic  ftate. 

2.  Tihe  magnet. 

3.  A mixture  of  the  brown  calx  of  iron 
and  plumbago. 

4.  T^he  white  or  fparry  iron  ore;  being 
the  brown  calx  of  iron  united  to  the  white 
calx  of  manganefe. 

5.  T’he  magnetic  fand. 

6.  Hematites ; conlifting  of  the  red  calx 
of  iron  indurated,  and  combined  with  a 
little  argil],  and  frequently  with  man- 

j.  Hamatitical  yellow^  redy  and  brown 

ochres ; conlifting  of  haematites  in  adoofe 

form,  mixed  with  a conliderable  proportion 

of  argill. 

* 

8.  A combination  of  the  red  calx  of 
iron  with  plumbago. 

9.  Torjten  ; being  a mixture  of  the  red 
calx  mixed  with  a fmall  proportion  of  the 
brown  and  indurated  calx  of  iron. 

B 4 10,  Emery. 
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10.  Emery. 

11.  The  grey  iron  ore  ; conlifting  of  the 
red  calx  united  to  fiderite. 

12.  The  argillaceous  iron  ores;  the  two 
fpecies  of  which  are,  the  highland  argilla- 
ceous ore,  minera  ferri  ochreacea 'y  and  the 
fwampy  argillaceous  ore,  minera  ferri  la-- 
cufris  vel Jubaqiwfa. 

13.  The  red  calcareods  iron  ore. 

14.  The  fliceous  iron  ore. 

1 5 . The  muriatic  iron  ore. 

1 6 . The  martial  calamine. 

ij.  Martial  pyrites y which  conliil  of 
iron  mineralized  by  fulphur. 

18.  The  white y greyy  or  blueif-grey 
pyrites,  MarcaJJite ; being  iron  minera- 
lized by  fulphur  and  arfenic.  \ 

19.  Mifpickel  -y  confiding  of  iron  mine- 

V 

ralized  by  arfenic  alone. 

20.  Cofubujlible  iron  ore. 

21.  Green  vitrioly  being  iron  minera*^ 
lized  by  vitriolic  acid, 

22.  Iron  mineralized  by  the  phofphorig 
acid;  the  two  fpecies  of  which  are,  the  fde-^ 
ritCf  and  the  native  E ruffian  blue ; the  lat*^ 

ter 
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ter  of  which  confifts  of  iron,  phofphoric 

acid,  and  argillaceous  earth 

In  extrafting  the  metal  from  the  various 

iron  ores,  two  objefts  muft  be  confidered, 

the  ftate  of  .the  iron,  which  is  in  a more 

or  lefs  metallic  ftate,  and  the  extraneous 

% 

fubftances  which  are  mixed  with  it.  On 
thofe  accounts,  it  is  almoft  impoflible  to 
preferibe  the  moft  advantageous  method 
of.  extracting  the  iron  from  a certain  ore, 
without  making  particular  experiments 
upon  it.  However,  the  principal  agents 
in  this  operation  are,  a ftrong  heat,  and  the 
admixture  of  fubftances  capable  of  furnifti-- 
ing  the  inflammable  principle. 

The  iron,  after  being  extradted  from  the 
ore,  and  being  reduced  into  the  metallic 
form,  is  not  always  of  the  fame  nature  ^ and 
its  various  fpecies,  the  principal  of  which 

m 

we  fhall  now  enumerate,  are  pofteffed  of 
peculiar  and  very  remarkable  properties.  . 

Caji  iroriy  viz.  iron  after  having  been 
fufed  by  the  adtion  of  a ftrong  heat,  is  very 

^ See  Bergman’s  mineralogy,  Kirwan’s  mincra- 
my  mineralogical  tables. 
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hard  and  brittle,  fo  that  it  cannot  be  form- 
ed into  any  required  lliape  by  hammering, 
nor  even  by  filing. 

T^he  malleable  iron  is  formed  from  the 
caft  iron,  by  expofing  it  to  a ftrong  blaft 
of  air  for  fome  hours,  whilfi:  it  ftands  in  a 
red  or  rather  white  heat.  It  is  remarkable, 
that  in  this  procefs  a quantity  of  liquid 
matter  comes  out  of  the  iron,  which  when 
cold  is  in  the  form  of  black  cinders,  called 
jinery  cinders^  from  the  name  of  the  fur- 
nace employed  for  the  procefs 

The  malleable  iron  is  of  two  forts,  viz. 
that  called  red  Jhort  iroUy  which  has  the 
property  of  being  malleable  when  cold, 
but  brittle  when  hot ; and  that  called  cold 
jldort  iroiiy  which  is  malleable  when  red 
hot,  but  brittle  when  cold. 

Steel  is  formed  from  iron,  by  expofing 
the  iron  to  a ftrong  heat  for  feveral  hours, 
whilfi:  it  is  furrounded  by  fubflances  that 
contain  a great  deal  of  the  inflammable 
principle,  as  charcoal,  oleaginous  fubfi:an- 
ces,  &c.  : hence  it  is  generally  believed, 

* See  Prieflley’s  experiments  relating  to  various 

t 

branches  of  nat.  phil.  vol.  iiii  fe6l.  xxiv. 

that 
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that  the  iron  becomes  fteel  only  in  confe- 
quence  of  its  acquiring  a greater  quantity 
of  the  inflammable  principle,  called  phlo-- 
gtfion  by  the  chymifts ; but  there  is  fome 
fort  of  malleable  iron  which  will  never  be- 
come fteel;  and  I am  informed  by  a very 
ingenious  chymift,  that  this  effeft  is  owing 
to  the  want  of  the  femi-metal  called  man- 
ganefe  ; this  gentleman  having  found,  that 
the  iron,  which  is  wont  to  be  capable  of 
becoming  fteel,  contains  fome  portion  of 
manganefe  ; whereas,  that  fort  of  iron 
which  is  incapable  of  becoming  fteel  is 
quite  free  from  any  admixture  of  that  fe- 
mi-metal. 

By  the  tranfitlon  from  iron  into  fteel, 
the  weight  of  the  metal  is  not  at  all,  or 
very  little,  increafed  ; but  it  acquires  feve- 
ral  remarkable  properties.  Steel  is  gene- 
rally harder  than  malleable  iron ; it  may 
be  hammered  when  cold,  but  incomparably 
better  when  red  hot ; it  may  be  fufed  ; and' 
it  is  capable  of  acquiring  various  degrees 
of  hardnefs.  Hammering  will  harden  it 
to  a certain  degree ; but  if  it  be  made  red 
hot,  and  in  that  ftate  be  plunged  into  cold 

water, 
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water,  or  other  cold  liquor,  fo  as  to  cool 
it  fuddenly,  it  becomes  exceedingly  hard 
and  brittle,  fo  that  it  can  neither  be  ham- 
mered nor  filed  ; and,  the  greater  the  diffe- 
rence between  its  degree  of  heat  and  that 
of  the  liquor,  in'  which  it  is  plunged, 
the  greater  is  the  degree  of  hardnefs  it 
acquires.  The.  fteel,  after  having  been 
thus  hardened,  may  be  foftened  to  any 
required  degree,  by  expofing  it  to  a proper 
heat,  which  operation  is  called  tempering. 
The  foftening  by  this  means  is  accompa- 
nied by  a gradual  change  of  colour ; which 
colour,  however,  is  merely  fuperficial,  but 
remains  as  long  as  the  fteel  is  not  mbbed 
with  fomething  capable  of  fcraping  off 
part  of  the  metal.  Thus,  if  the  hardened 
piece  of  fteel  be  laid  upon  a red-hot  iron, 
or  be  heated  in  any  other  manner,  it  will 
firft  acquire  a reddifh,  then  a yellowifh 
or  ftraw  colour,  which  will  gradually 
deepen,  and  change  into  blueiOi,  deep  blue, 
and  laftly,  the  fteel  becorhes  red  hot.  Now, 
if  the  piece  of  fteel  be  removed  from  the 
heat  juft  when  if  has  acquired  the  ftraw- 

colour,  it  is  then  foftened  a little,*  and  juft 

fufficiently 
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fufRciently  to  ferve  for  points  of  drills, 
and  fome  other  tools ; hence  this  degree 
of  foftening  is  called  drill  temper.  If  the 
piece  of  fteel  be  removed  from  the  heat  as 
foon  as  it  becomes  blue,  it  will  be  found 
to  be  foftened  fufBciently  to  ferve  for 
fprings ; hence  that  degree  of  foftening  is 
called  fpring  temper.  If  the  fteel  be  fuf- 
fered  to  become  red  hot  before  it  be  re- 
moved, it  will  be  found  to  have  loft  all 
the  hardnefs  which  it  had  acquired  in  the 
firft  procefs. 

By  repeated  hardening  and  foftening, 
a piece  of  fteel  becomes  Icfs  and  lefs  fit 
for  nice  work  : but  even  in  fteel  newly 
formed,  there  occurs  a confiderable  varie- 
ty; and  that  fort  is  reckoned  the  beft, 
which  in  its  fradlures  exhibits  a final], 

uniform,  and  filvery  granulated  appear- 
ance. 

All  the'  above-mentioned  Ipecies  or 
ftates  of  iron  are  capable  of  calcination, 
wz,  of  being  reduced  to  ruft,  and  of 
courfe,  to  various  intermediate  ftates  be- 
tween that  of  good  metal,  and  that  of 
red  calx.  This  change,  according  to  the 


more 
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more  general  opinion,  is  occafioned  by  the 
efcape  of  the  inflammable  principle ; and 
in  fad:,  if  the  calx  of  iron  be  expofed  to 
a ftrong  heat  v/hilfl:  it  is  furrounded  by 
charcoal-duft,  or  other  fubftance  abound- 
ing with  phlogifton,  the  calx  will  become 
iron  again. 

In  the  following  pages,  for  the  fake  of 
brevity,  we  fliall  comprehend  all  the 
above-mentioned  ftates  or  fpecies  of 
iron  under  the  general  appellation  of 
fcrrugmous  fubflances ; adding  the  word 
metallic  to  thofe  which  are  in  a metallic 
ftate,  and  the  word  calcined  to  thofe  which 
are  in  a calcined  ftate. 

A remarkable  phaenomenon  happens  in 
the  calcination  of  this  as  well  as  of  other 
metals,  which  is,  that  the  metal  acquires 
weight  by  being  calcined,  and  the  calx 
lofcs  weight  by  being  reduced  again  into 
metal.  Thus  it  has  been  obferved,  that 
loo  grains  of  the  brown  calx  of  iron  will 
produce  about  85  grains  of  iron  ; and  100' 
grains  of  the  red  calx  will  produce  about 
75  grains  of  iron  : and,  on  the  contrary, 
the  above-mentioned  quantities  of  iron  will 

produce 
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produce  loo  grains  of  the  brown  or  red 
calx  refpedlively. 

This  increafe  of  weight  has  been  afcer- 
tained  to  be  owing  to  a certain  permanent- 
ly elaftic  fluid  or  fort  of  air,  which  com- 
bines with  the  calx  in  a greater  or  fmaller 
proportion,  according  as  the  calcination  is 
more  or  lefs  perfedt ; and  the  diminution  of 
weight  obferved  in  the  reduction  of  the 
calx  into  metal,  to  be  owing  to  the  efcape 
of  that  fame  elaftic  fluid  from  the  calx. 
Upon  thefe  grounds,  fome  ingenious  per- 
fons  have  imagined,  that  the  calcination  of  a 
metal,  or  theredudionof  the  calx  into  metal 
again,  had  nothing  to  do  with  the  inflam- 
mable principle  or  phlogifton  of  the  chy- 
mifts  5 but  that  it  was  all  to  be  explained 
by  the  lofs  or  acquifition  of  the  faid  perma- 
nently-elaftic  fluid.— Various  arguments 
and  experiments  feem  to  favour  each  opi- 
nion ; but  the  nature  and  limits  of  the 
prefent  work  not  permitting  me  to  expati- 
ate on  this  fubjed,  I muft  refer  thofe 
readers,  who  are  defirous  of  examining  it 
farther,  to  other  books,,  where  they  may  be 
informed  not  only  of  the  above-mentioned 

fubjed. 


10 


i6  Laws  of  Magnetism. 

fubjed:,  but  like  wife  of  the  particulars 
concerning  the  elaftic  fluids  which  may  be 
obtained  from  the  folution  of  iron,  and 
of  other  properties  relating  to  this  moft 
ufeful  metal 

The  metallic  ferruginous  fubftances  are 
foluble  in  all  acids,  though  not  with  equal 
facility  and  if  any  vegetable  aflringent 
be  added,  the  folution  will  become  black  ; 
but  ifphlogiflicated  alkali  be  added,  inftead 
of  the  vegetable  aflringent,  then  the  folu- 
tion will  become  blue. 

The  natural  magnet,  mentioned  at  the 
beginning  of  this  chapter,  is  an  ore  of 
iron  j and  it  contains  a greater  quantity  of 
iron,  either  in  the  metallic  ftate  or  not  much 
dephlogilticated,  than  mofl:  other  iron  ores. 
However,  though  every  magnet  feems  to 
contain  fome  iron  in  a metallic  ftate,  yet  it 
does  not  follow  that  every  ore,  which  con- 
tains the  iron  in  that  ftate,  is  magnetic ; 
there  having  been  found  many  iron  ores, 

* Hill:,  de  TAcad,  fince  the  year  1778. — Prieflley^s 
Experiments  and  Obfervations  relating  to  the  diffe- 
rent forts  of  Air,  he. — Rozier^s  Journal  de  Phif.  for 
September  1786'— and  my  Treatifeon  Air  and  Perma- 
nently Elaftic  Fluids. 
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which  had  all  the  appearance  of  good  mag- 
nets, but  were  not  poffefled  of  the  mag- 
netic properties 

Belides  the  iron  particles,  the  natural 
magnets  often  contain  a portion  of  quartz 
and  argill,  and  probably  fome  fulphur, 
becaufe  when  made  red  hot  they  generally 
have  a fulphureous  fmell;  befides  which, 
many  other  fubftances  may  be  found  in 
them,  though  not  fo  frequently  as  thofe 
mentioned  above. 

Magnets  differ  in  fpecific  gravity  ac- 
cording to  the  proportion  and  nature  of  the 
other  ingredients  that  are  mixed  with  the 
iron  or  martial  part,  but  generally  they  are 
about  feven  times  heavier  than  diftilled 
water. 

Their  colour  Is  molHv  a dull  brown- 
ifli  black;  though,  as  may  be 'imagined, 

* Some  old  writers  on  magnetifm  make  mention  of 
certain  load-ftones  fo  light  as  even  to  fwim  upon 
water.  But  as  iron  is  fo  univerfally  fpread  through- 
out the  works  of  nature,  it  is  not  improbable  that 
fome  light,  fpungy,  vulcanic  productions  may  contain 
a quantity  of  iron  particles  with  fome  veftiges  of  mag- 
netifm, fufiicient  to  give  the  name  of  magnet  to  the 
whole  mafs. 


G 
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a confiderable  difference  is  often  occafioned 
by  the  admixture  of  heterogeneous  fub- 
ftances,  and  by  the  flate  of  the  iron  contain- 
ed in  them.  The  magnets  which  are  found 
in  Arabia  are  reddifli,  thofe  of  Macedonia 
are  blackifli,  and  thofe  found  in  Hungary, 
Germany,  Britain,  and  Italy,  have  moftly 
the  colour  of  un wrought  iron. 

The  hardnefs  of  magnets  is  fuch  as  juft 
to  afford  fparkswhen  ftruck  with  fteel;  but 
it  is  extremely  difficult  to  turn  them  in  a, 
lathe  or  to  fliape  them  by  a file. 

It  has  been  obferved,  that  generally  thofe 
magnets,  which  have  a fifie  clofe  grain,  are 
more  powerfully  magnetic,  and  retain  the 
virtue  much  longer,  than  thofe  which  are 
of  a coarfer  grain;  and  even  longer  than 
the  artificial  magnets  which  are  made  of 
fteel . 

They  are  found  in  many  parts  of  the 
world,  and  almoft  wherever  there  is  a good 
iron  mine.  In  Europe  they  are  met  with 
pretty  frequently,  in  the  mines  of  Germany, 
in  the  Apennines,  in  France,  in  the  iflands  of 
the  Mediterranean  Sea,  in  Britain,  iii  Ire- 
land, 
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land,  and  in  various  other  places.  Afia  does 
likewife  abound  with  magnets ; neither  are 
the  other  parts  of  the  world  without  them, 
though  not  very  copioufly;  or  perhaps  for 
want  of  fuffi-cient  examination  fo  great  a 
quantity  of  magnets  has  not  been  found  in 
them  as  in  Europe  and  Afia. — They  are 
not  found  of  any  particular  fliape  or 
lize. 


CHAPTER  III. 

Of  Magnetic  attraSiion  and  repuljion. 

H E various  forts  of  attraction 


hitherto  difcovered  may  be  reduced 
to  five:  viz.  ift.  The  attraction  of  gra- 
vitation, or  that  power,  by  which  bodies 
fall  towards  the  centre  of  the  earth,-  and 
by  which  the  immenfe  bodies  of  our  pla- 
netary fyftem  are  retained  within  their 
proper  orbits.  2.  The  attraction  of  co- 
hefion,  which  takes  place  when  the  parts 
of  bodies  are  put  in  clofe  contaCt,  as  when 
two  fmooth,  and  like  furfaces  of  metal. 


C 2 
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glafs/riiarble,or  other  fubll:ance,are  prelTed 
one  upon  the  other.  3’.  The  chymical 
attradlion,  or  affinity,  which  occafions  an 
intimate  mixture,  and  alteration  of  two 
or  more  fubftances  of  different  natures. 
It  requires  the  immediate  contadl  of  the 
parts  of  the  bodies,  in  order  to  take  place. 
Such  is  the  attraction  between  acids  and 
alkalies,  between  acids  and  metals,  &c. 
4.  The  attraction  of  eleCtricity,  poffeffed 
by  all  forts  of  bodies  when  electrified  ^ 
which  aCts  on  fubflances  of  every  kind, 
and  extends  its  fphere  of  aCtion  to  a con- 
fiderable  diftance.  5.  Laflly;  The  attrac- 
tion of  magnetifm,  which  aCts  only  upon 
iron,  or  upon  thofe  bodies  which  contain 
that  metal  in  fome  ftate  or  other ; hence, 
befides  other  obvious  peculiarities,  this 
fort  of  attraction  may  be  eafily  diflin- 
guiffiefd  from  the  reft. 

A piece  of  iron,  or  fteel,  or  other  fer- 
ruginous fubftance,  being  brought  within 
a certain  diftance  of  one  of  the  poles  of  a 
magnet,  is  attracted  by  it,  fo  as  to  adhere 
to  the  magnet,  and  not  fuffer  to  be  fepa- 
rated  without  an  evident  effort.  This  at- 
traction 
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tradlion  is  mutual ; fo  that  the  iron  attrafts 
the  magnet  as  much  as  the  magnet  attrads 
the  iron ; for  if  they  be  placed  on  pieces 
of  wood,  fo  as  to  float  upon  the  furfacc 
of  water,  it  will  be  found  that  the  iron 
advances  towards  the  magnet,  as  well  as 
the  magnet  advances  towards  the  ,ifon  ; 
or  if  the  iron  be  kept  fteady,  the  magnet 
will  move  towards  it. 

The  ftrength  or  degree  of  magnetic  at- 
traction varies  according  to  diiferent  cir- 
cumftances  •,  namely,  the  ftrength  of  the 
magnet,  the  weight  and  fliape  of  the  body 
prefented  to  it,  the  magnetic  or  unmag- 
netic  ftate  of  that^  body,  the  diftance  be- 
tween it  and  the  magnet,  &c. : which  par- 
ticulars we  fhall  now  examine  in  their 
order. 

A magnet  attraCls  a piece  of  foft  and 
clean  iron  more  forcibly  than  any  other 
ferruginous  body  of  the  like  flhape  and 
weight.  The  iron  ores,  amongft  which, 
the  natural  magnet  is  comprehended,  are 
attracted  more  or  lefs  forcibly,  in  pro- 
portion as  they  contain  a greater  or  lefs 
(quantity  of  metallic  particles, . as  that 

C 3 quantity 
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quantity  is  in  a more  or  lefs  perfeft  metal- 
lic ftate,  and  as  it  is  of  a fofter  or  harder 
nature;  but  they  are  all,  as  well  as  hard 
iron  and  fteel,  attrafted  lefs  forcibly  than 
foft  iron. 

If  a_  piece  of  iron  be  prefented  fuccef- 

fively  to  the  various  parts  of  the  furface 

0 

of  a magnet,  it  will  be  found  that  the  at- 
tradion  is  ftrongeft  at  the  poles  of  the 
magnet  (viz.  thofe  parts  of  the  furface 
which,  when  the  magnet  is  freely  fuf- 
pended,  are  direded  towards  the  north 
and  the  fouth)  ; that  the  attradion  dimi- 
nifhes  in  proportion  as  the  part  of  the 
furface  to  which  the  iron  is  prefented 
recedes  from  the  poles  ; and  is  very  little 
or  not  at  all  perceivable  about  thofe  parts 
of  the  furface,  which  are  equidiftant  from 
the  poles. 

The  attradion  is  ftrongeft  near  the  fur- 
face of  the  magnet,  and  diminifties  as  it 
recedes  from  it:  viz.  if  a piece  of  iron  be 
placed  in  contad  with  one  of  the  poles  of 
a magnet  fufficiently  ftrong,  they  will  ad- 
here to  each  other,  and  there  is  required 
a certain  force  to  feparate  them  ; but  if  the 

■ fame 
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fame  piece  of  iron  be  kept  at  an  inch 
diftance  from  the  fame  pole  of  the  magnet, 
there  will  alfo  be  perceived  an  endeavour 
to  attradl  it ; but  the  force  required  to 
prevent  the  iron  running  to  the  magnet 
will  be  found  to  be  much  fmaller,  than 
that  which  was  required  to  feparate  them, 
in  the  firft  cafe  5 and  if  the  iron  be  held 
at  a diftance  greater  than  one  inch,  the 
attradion  will  be  found  to  be  ftill  weaker ; 
and  fo  on. 

Though  the  attradlion  between  the 
magnet  and  the  iron,  or  other  ferrugi- 
nous body,  is  ftronger  within  a lliort 
diftance  than  farther  off,  yet  the  law  of 
that  diminution  has  not  yet  been  afeer- 
tained,  notwithftanding  the  repeated  en- 
deavours of  the  greateft  geniufes  philofo- 
phical  and  mathematical.  For  inftance,  it 
is  not  known  whether,  at  a given  diftance, 

• the  attraction  of  a magnet  in  general  is 
twice,  three  times,  or  any  other  number 
of  times  greater  than  at  double  that  dif- 
tance. The  analogy  of  other  energies, 
which  being  propagated  from  a centre, 
and  expanding  into  a;  fphere,  have  their 

C 4 denfitic 
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denfities  diminifhed  in  the  proportion  of 
the  fquares  of  the  diftances  would  eafily 
perfuade  one  to  expedt  the  fame  law 
in  magnetics ; hut  experience  does  not 
/hew  it*  Various  accurate  experiments, 
made  by  different  philofophers,  have 
been  attended  with  different  refults.  Im 
fome,  the  attradlion  feemed  to  decreafe' 
in  the  inverfe  ratio  of  the  diftances,  with 
fufficient  regularity;  but  in  others  it  de- 
creafed  much  fafler,  or  in  differei^t  pro- 
portions at  different  diftances  : fo  that  the 
only  general  conclufion,  which  may  be  in- 
ferred from  them,  is,  that  the  decreafe  of 
magnetic  attradlion  is  not  flower  than  the 
inverfe  ratio  of  the  diftances  ; viz.  at  dou- 
ble the  diftance  the  attradlion  is  half  as 
ftrong,  or  rather  lefs ; at  treble  the  diftance 
the  attraction  is  one  third  asftrong,  or  rather 
Jefs;  and  fo  on 

In  order  to  give  the  reader  an  idea  of 
the  above-mentioned  irregularity  refpecting 

* From  fome  other  experiments  made  with  mag-  v 
netic  needles,  which  will  be  confidered  in  the  fequel,^ 
it  appears  that  the  attradion  decreafes  in  the  ratio,  of' 
the  cubes  of  the  diftances. 
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magnetic  attradlion,  and  alfo  of  the  diftance 
to  which  it  may  extend  itfelf,  I fhall  fub- 
joln  four  experiments,  accurately  made  by 
the  learned  Muflchenbroek 

Exp,  I.  A cylindrical  magnet,  two 
inches  long,  and  weighing  16  drams,  was 
fufpended  to  one  fcale  of  an  accurate  ba^ 
lance,  and  under  it  there  was  placed,  upon 
a table,  a cylinder  of  iron,  which  was  ex-= 
aftly  of  the  fame  bulk  and  fhape.  Thing? 
being  thus  prepared,  the  cylinder  of  iron 
was  fucceflively  placed  at  different  diftan- 
ces  from  the  magnet,  and  at  each  diftance 
the  degree  of  attradlion  between  the  iron 
and  the  magnet  was  afcertained  by  weights 
put  in  the  oppofite  fcale  of  the  balance. 
The  refults  were  as  follow,  viz. 


piilance  in  inches. 


Attraflions  in  grains. 

3 

— 3f 

— 41 

— 6 

— 9 

18 

— 57 


* Introduaion  Natural  Philofophy,  chap,  xix/ 

Exp. 
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Exp.  II.  A fpherical  magnet,  of  the 
fame  diameter  as  the  cylindrical  one  ufed 
before,  but  of  greater  ftrength,  was  affixed, 
to  one  of  the  fcales  of  the  balance ; and  the 
cylindrical  magnet,  ufed  in  the  preceding 
experiment,  was  placed  upon  the  table,  with 
its  fouth  pole  upwards,  and  facing  the 
north  pole  of  the  fpherical  magnet.  In 
this  difpofition  of  the  apparatus  the  at- 
tradlions  were  found  to  be  as  follows ; 


Dlilance  ia 

inches. 

Attradions  in  grains. 

6 

— 

.21 

5 

— 

1 

1 

4 

— 

— — 34 

3 

— • 

•—  ~ 44- 

2 

— 

— — 64 

I 

— 

— — . 1 00 

O 

— 

— — 260 

Exp.  III.  Inftead  of  the  cylindrical 
magnet,  the  cylinder  of  iron  was  placed 
upon  the  table,  and  under  the  globular 
magnet.  The  refult  \yas  as  follows : 

• ‘ Dlftance 

{/ 
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pi/laiic«  in  inches. 

Attraftions  in  grains* 

6 — 

~ — 7 

5 ~ 

— — 91 

4 — 

— — 15 

3 — 

— — 25 

2 — 

f 

— — 45 

I — 

— — 92 

o 

— ~ 340  * 

Exp.  IV.  Inftead  of  the  iron  cylinder,  a 
globe  of  iron  of  the  fame  diameter  as  ^ the 
fpherical  magnet  was  placed  upon  the  table, 
and  the  attradtions  were  found  to  be  as 

follows : 

Piilance  in  inches. 

Attraftlons  in  grains. 

8 — 

~ — I 

7 — 

— - — • 2 

6 — 

~ 

5 “ 

— — 6 

.4  — 

•—  — 9 

3 — 

— — 16 

2 — 

— 30 

1 — “ 

•—  — 64 

0 « 

— - — 290 

* The  fame  magnet  was  found  toattrad  a fhorter 

cylinder  of  iron  with  lefs  force,  but  in  the  fame 
ratio» 
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From  thefecond  and  third  experiments  i 
appears,  that,  when  in  contaft,  a magnet  at- 
tradls  another  magnet  with  lefs  force  than  a 
piece  of  iron.  This  has  been’confirmed  by 
many  other  experiments.  But  the  attraction 
between  two  magnets  begins  from  a greater 
diftance  than  between  the  magnet  and  iron; 
licnce  it  muft  follow  a different  law  of  de- 
crement. 

The  attraction  between  a given  magnet 
and  a piece  of  iron  is  fubject  to  a varia- 
tion arifing  from  the  weight  and  fliape  of 
the  iron;  there  being  a limit,  in  the  weight 
and  (hape  of  the  iron,  in  which  the  magnet 
will  attract  it  more  forcibly  than  either  a 
greater  or  a fmaller  one  ; but  this  moft  ad- 
vantageous weight  and  extenfion  of  the 
piece  of  iron  can  only  be  determined  by 
actual  experiment,  it  being  various  accord- 
ing to  the  various  nature,  flrength,  and 
fliape  of  the  magnet,  as  well  as  of  the 
iron. 

Magnetic  attraction  takes  place  between 
the  magnet  and  fuch  ferruginous  bodies  as 
were  not  magnetic  before,  or  between  the 
contrary  poles  of  two  magnets : but  when 

^WQ 
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two  magnets  are  placed  with  their  poles  of 
the  fame  name  toward  each  other,  then, 
inftead  of  attradling,  they  i;-epel  each  other. 
However,  it  often  happens,  that  though 
the  north  pole  of  one  magnet  be  placed 
near  the  north  pole  of  another  magnet, 
or  the  fouth  pole  of  the  one  be  placed  near 
the  fouth  pole  of  the  other,  yet  they  attract 
each  other : and  fometimes  they  fhew  no 
attraftion  nor  repulfion. 

In  order  to  reconcile  this  apparent  con- 
tradi(ftiori,  it  is  necelTary  to  mention  firll 
another  phenomenon,  which  takes  place 
whenever  a piece  of  ferruginous  fubftance 
is  brought  near  a magnet;'  and  which 
indeed  is  the  foundation  of,  and  ferves  to 
explain,  a great  many  other  appearances, 
otherwife  unintelligible,  in  the  fcience  of 
magnetifm. 

The  phenomenon,  in  fhort,  is  this : viz. 
When  a piece  of  iron,  or  any  other  fub- 
Ilance  that  contains  iron,  is  brought  with- 
in a certain  diltance  of  a magnet,  it  becomes 
itfelf  a magnet,  having  the  poles,  the  at- 
tradive  power,  and  in  Ihort  every  pro- 
perty of  a real  magnet.  That  part  of  it 

which 
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which  is  nearefl;  to  the  magnet,  acquires  a 
contrary  polarity  : thus,  if  an  oblong  piece 
of  iron,  A B,  be  brought  within  a proper 
diftance  of  a magnet,  fo  that  the  extremity 
A of  the  iron  may  be  oppolite  the  north 
pole  of  the  magnet,  then  this  fame  extre- 
mity A will  become  a fouth  pole,  and  the 
other  extremity  B will  become  a north 
pole. — This  law  will  be  rendered  very  evi- 
dent by  the  experiments  in  the  Third  Part 
of  this  treatife. 

The  magnetifm  acquired  by  being  placed 
within  the  influence  or  the  fphere  of  adli- 
vity  of  a magnet,  in  foft  iron  lafls  only 
whilfl:  the  iron  continues  in  that  fituation, 
and  when  removed  from  the  vicinity  of  the 
magnet,  its  magnetifm  vaniflies  immedi- 
ately ; but  with  hard  iron,  and  efpecially 
with  fteel,  the  cafe  is  quite  different ; for 
the  harder  the  iron  or  the  fteel  is,  the  more 
permanent  is  the  magnetifm  which  it  ac- 
quires from  the  influence  of  a magnet ; 
but  it  will  be  in  the  fame  proportion  diffi- 
cult to  render  it  magnetic.  If,  for  inftance, 
a foft  piece  of  iron  and  a piece  of  hard 
fteel,  both  of  the  fame  Ihape  and  fize, 

be 
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be  brought  within  the  influence  of  a 
magnet  at  the  fame  diftance,  it  will  be 
found  that  the  iron  will  appear  much  more 
magnetic  than  the  fleel ; but  if  the  magnet 
be  removed,  the  foft  iron  will  inllantly  lofe 
its  magnetifm,  whereas  the  hard  Iteel  will 
preferve  it  for  a long  time. 

From  thefe  obfervations  two  confequen- 
ces  are  evidently  deduced,  viz.  firfl:,  that 
there  is  no  magnetic  attraction  but  between 
the  contrary  poles  of  two  magnets  ; for  the 
iron,  or  other  ferruginous  body,  that  is  pre- 
fented  to  a magnet,  mufl:  become  itfelf  a 
magnet  before  it  be  attracted  : and  fecond- 
ly,  it  appears  why  a magnet  mufl  attraCt 
a piece  of  foft  iron  more  forcibly  than  hard 
iron,  and  much  more  than  hard  fleel,  viz. 
becaufe  the  hard  iron,  and  more  efpecially 
the  hard  fleel,  does  not  become  fo  flrongly 
magnetical  as  foft  iron,  when  prelented  to  a 
magnet. 

We  may  now  refume  the  fubjeCl  of  mag- 
netic repulflon,  and  fhew  why  the  magne- 
tic poles  of  the  fame  name  may  repel,  at- 
tract, or  not  aCt  at  all  upon  one  ano- 
ther. 
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Indeed,  the  law  of  repulfion  being  al-* 
ways  exerted  between  magnetic  poles  of  the 
fame  name,  nearly  as  ftrong  as  the  attraftiori 
between  thofe  of  dilferent  name,  remains 
certain  and  immutable;  but  it  often  hap- 
pens, that  one  of  the  magnets,  being  more 
powerful  than  the  other,  will  change  the 
pole  of  that  other  magnet,  in  the  fame 
manner  as  it  gives  magnetifm  to  any  other 
piece  of  iron  which  is  expofed  to  its  influ- 
ence, and  then  an  attradlion  will  take  place 
apparently  between  magnetic  poles  of  the 
fame  names ; though  in  fadl  it  is  an  attrac- 
tion between  poles  of  different  name,  be- 
caufe  one  of  them  has  been  actually  changed. 
Thus,  fuppofe  that  a powerful  magnet  be 
placed  with  its  north  pole  very  near  the 
north  pole  of  a weak  magnet;  it  will  be 
found  that  inflead  of  repelling  they  will 
attract  each  other,  becaufe  that  part  of  the 
'weak  magnet,  which  before  was  a north 
pole,  has  been  changed  into  a fouth  pole  by 
the  action  of  the  ftrong  magnet. 

■ As  thofe  bodies  which  are  polfeffed  of 
any  magnetifm  cannot  be  very  readily  aff 
feded  by  the  influence  of  another  magnet, 

for 
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for  the  very  fame  caufe  which  renders  them 
capable  of  retaining  any  magnetifm  at  all, 
namely  their  hardnefs ; and,  as  the  power 
of  a magnet  diminiflies  in  proportion  to 
the  diftances  from  its  furface,  it  follows, 
that  when  the  north  or  fouth  pole  of  a 
weak  magnet  is  from  a confiderable  diftance 
gradually  brought  near  the  like  pole  of  a 
powerful  magnet,  the  pole  of  the  weak 
magnet  cannot  be  changed  very  eafily ; 
hence,  beyond  a certain  diftance,  viz. 
before  the  faid  pole  be  changed,  the  two 
magnets  muft  exert  a repulfion  againft 
each  other ; but  when  the  fmall  magnet  has 
been  brought  fo  near  the  powerful  one  as 
that  its  pole  may  begin  to  be  changed,  then 
neither  an  attradtion  nor  a repulfion  will 
take  place ; and  when  the  two  magnets  are 
approached  nearer  than  that  limit,  then, 
the  pole  of  the  weak  one  being  changed, 
an  attradlion  will  enfue. 

After  thefe  obfervations,  the  ingenious 
reader  may  eafily  imagine  that  the  decreafe 
of  repulfion  between  homogeneous  mag- 
netic poles  muft  be  at  leaft  as  much  if  not 
more  irregular  than  the.decreafe  of  the  at- 
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traftion  at  different  diftances.  It  is  likewife 
evident,  that  many  objedls  muft  be  had  in 
view  in  attempting  to  inveftigate  the  law  of 
that  decreafe. 

Neither  the  attradlion  nor  the  repullion 
of  magnetifm  is  fenfibly  affedled  by  the 
interpofition  of  bodies  of  any  fort,  except 
iron  or  ferruginous  bodies  in  general. 
Thus,  fuppofe  that  when  a magnet  is  pla- 
ced at  an  inch  diftance  from  a piece  of  iron, 
there  is  required  an  ounce  of  force  to  re- 
move it ; or,  which  is  the  fame  thing,  fup- 
pofe that  the  attradlion  towards  each  other 
is  equal  to  one  ounce;  it  will  be  found  that 
the  faid  degree  of  attradlion  remains  con- 
ftantly  unaltered,  vtz,  always  equal  to  one 
ounce,  though  a plate  of  other  metal,  or  of 
glafs,  or  paper,  or  other  body,  be  interpofed 
between  the  magnet  and  the  iron,  or  though 
they  be  inclofed  in  feparate  boxes  of  glafs 
or  other  matter.  Neither  the  abfence 
or  prefence  of  air  has  any  effedl  upon  them. 
In  fhoft,  no  other  fubftance  befides  iron,, 
or  thofe  bodies  which  contain  that  metal 
in  any  of  its  metallic  flates,  does  fenfibly 
affedl  the  attradlion  or  repulfion  of  mag- 
netifm.. 
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Heat  weakens  the  power  of  a magnet ; 
and  a white  heat  deftroys  it  entirely,  or  at 
leaft  in  a great  meafure.  Hence  it  appears, 
that  from  this  caufe  alone,  befides  others 
which  may  concur,  the  power  of  a magnet 
muft  be  continually  varying. 

The  attraftive  power  of  a magnet  may 
be  increafed  confiderably  by  gradually  ad- 
ding  more  and  more  weight  to  it ; for  by 
this  means  it  will  be  found  that  the  mag-^ 
net  will  keep  fiifpended  on  one  day  a little 
more  weight  than  it  did  the  preceding  day ; 
which  additional  weight  being  added  to  it 
oh  the  following  day,  or  fome  time  after,  it, 
will  be  found  that  the  magnet  can  keep 
fufpended  a weight  ftill  greater,  and  fo  on 
as  far  as  a certain  limit. 

On  the  contrary,  by  an  improper  fitu- 
ation,  or  putting  a very  fmall  weight  of 
iron  to  it,  the  magnet  may  gradually  lofe 
much  of  its  ftrength. 

It  has  been  faid  by  various  authors,  that  In 
thefe  northern  parts  of  the  world  the  north 
pole  of  a magnet  generally  has  an  at- 
tradllve  power  fomewhat  ftronger  than  the 
fouth  pole,  but  in  the  fouthern  parts  of 
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the  earth  the  fouth  pole  of  the  magnet  is 
faid  to  poflefs  the  greateft  attradlive  power. 
Th  is  law,  however,  has  not  been  yet  pro- 
perly afcertained. 

The  holding  of  a piece  ^of  iron  of  fomc 
magnitude  to  one  pole  of  a magnet,  in- 
creafes  the  attradlion  of  the  other  pole,  fo 
as  to  enable  it  to  lift  a greater  weight. 

It  has  been  obferved,  that  amongft  the 
natural  magnets,  the  finalleft  generally  pof- 
fefs  a greater  attractive  power,  in  proportion 
to  their  lize,  than  thofe  which  are  larger. 
There  have  been  often  feen  natural  magnets, 
not  exceeding  the  weight  of  20  or  30  grains, 
which  could  lift  a piece  of  iron  that  weigh- 
ed 40  or  50  times  more  than  themfelves. 
Mention  is  made  of  a fmall  magnet  wore 
in  a ring,  which  weighed  about  three 
grains,  and  was  capable  of  taking  up  746 
grains,  or  nearly  250  times  its  own  weight; 
and  I have  feen  one  which  could  not  weigh 
more  than  fix  or  feven  grains,  and  was 
capable  of  lifting  a weight  of  about  300 
grains.  But  magnets  of  above  two  pounds 
weight,  fcldom  lift  up  10  times  their  own 
weight  of  iron. 


It 


Laws  of  Magnetism.  37 

It  often  happens,  that  a natural  magnet,  ‘ 
cut  off  from  a larger  load-ftone,  will  it- 
felf  be  capable  of  lifting  a greater  weight 
of  iron  than  the  original  large  load-ftone 
from  which  it  was  cut  off.  This  muft  be 
imputed  to  the  heterogeneous  nature  of  the 
large  load-ftone;  for,  fuppofe  that  one 
part  of  it  contains  a good  quantity  of  pure 
metal  ftrongly  magnetical,  the  reft  of  it 
being  impure,  or  mixed  with  other  fubftan- 
ces,  it  is  plain  that  the  impure  part  can  only 
obftrudl  the  action  of  the  purer  part ; 
hence  this  latter,  being  feparated  from  the 
reft,  muft  a<ft  more  powerfully  than  the 
whole  together  did.  . 

As  both  magnetic  poles  together  attrad: 
a much  greater  weight  than  a fingle  one, 
and  as  the  two  poles  of  a magnet  are  ge- 
nerally in  oppofite  parts  of  its  furface,  in 
which  fituation  it  is  almoft  impoffible  to 
adapt  the  fame  piece  of  iron  to  them,  both 
at  the  fame  time ; therefore  it  has  been 
commonly  pradifed  to  adapt  two  broad 
pieces  of  foft  iron  to  the  poles  of  a load- 
ftone,  and  to  let  them  projed  on  one  fide 
of  the  magnet,  becaufe  in  that  cafe,  the 
pieces  of  iron  being  rendered  themfelves 
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magnetic,  another  piece  of  iron  could  be 
conveniently  adapted  to  their  projedions, 
fo  as  to  let  both  poles  ad  at  the  fame 
time.  Thofe  pieces  of  iron  are  generally 
held  fall:  upon  the  magnet  by  means  of  a 
brafs  or  filver  box.  The  magnet  in  this  cafe 
is  faid  to  be  annedy  and  the  pieces  of  iron 
are  called  the  annature. 

In  fig.  I ft  of  plate  I.  A B reprefents 
the  magnet  5 C D,  C D reprefent  the  ar- 
mature or  pieces  of  iron,  the  projedions 
of  which  are  D D,  and  to  which  the  piece 
of  iron  F is  made  to  adhere.  The  dots 
E C D C D reprefent  the  brafs  box,  having 
a ring  E at  its  upper  part,  by  which 
the  armed  magnet  may  be  fufpended. 
Thus  the  two  poles  of  the  magnet,  which 
are  at  A and  B,  are  made  to  ad  at  D D, 
where  the  ftraight  piece  of  iron  F may 
be  conveniently  applied. 

For  this  purpofe,  and  to  avoid  the  ar- 
mature, artificial  magnets  have  been  made 
in  the  fhape  of  a horfe-ftioe,  having  their 
poles  in  the  truncated -extremities  ^ for 
which  reafon  they  have  more  power  than 
the  ftraight  magnetic  bars. 
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CHAP.  IV. 

Of  the  Magnet's  direStive  property ^ or 

IT  is  an  invariable  law  in  magnetics, 
that  no  magnet  is  without  a fouth  and 
a north  pole;  but  it  often  happens,  that 
the  fame  magnet  has  more  than  two  poles, 
*viz.  fome  of  one  name,  and  fome  of  the 
other.  The  figure,  and  alfo  the  hetero- 
geneous nature  of  the  magnets,  is  the  prin- 
cipal caufe  of  their  often  having  more  than 
two  poles.  It  is  impoffible  to  determine 
the  number  and  fituation  of  the  poles  in 
a magnet  without  actual  trial ; and  the 
method  of  afcertaining  them  is,  to  prefent 
the  various  parts  of  the  furface  of  the  mag- 
net in  queftion  to  one  of  the  poles  of  ano- 
ther magnet  that  is  freely  fufpended;  for 
thofe  parts  of  the  magnet,  which  repel 
the  other  fufpended  one,  have  the  fame 
polarity,  and  thofe,  which  attract  it,  have 
a different  polarity.  For  inftance,  if  the 
magnet  be  prefented  to  the  north  pole  of 
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the  other  fufpended  magnet,  then  thofe 
parts  of  the  former  which  repel  the  latter 
are  poffelTed  of  a north  polarity ; and 
thofe,  which  attradl  it,  are  polTefled  of  a 
fouth  polarity. 

Two  laws  may  be  remarked,  with  refpeft 
to  magnets  that  have  more  than  two  poles. 
The  firft  is,  that  the  parts  adjacent  to  one 
pole  are  pofleffed  of  a contrary  polarity ; 
and  the  fecond  is,  that  the  number  of 
poles  of  one  denomination  in  a magnet  is 
either  equal  to,  or  differs  from  the  num- 
ber of  poles  of  the  other  denomination  by 
one.  Thus,  if  the  magnet  has  four  fouth 
poles,  then  it  will  have  either  four,  of 
three,  or  five,  north  poles. 

Good  magnets,  of  an  uniform  texture 
and  properly  fhaped,  have  only  two  poles  : 
and  they  lie  in  oppofite  parts  of  their  fur- 
faces  ; fo  that  a line  drawn  from  the  one 
to  the  other  palfes  through  the  centre  qi 
the  magnet^. 

' ‘ In 

* Here  it  mull  not  be  underftood,  that  the  polarity 
of  a magnet  rcfides  only  in  two  points  of  it;  for,  in 
truth,  it  is  the  half,  or  a great  part  of  the  magnet,  that; 

is 
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In  fuch  magnets,  the  line  between  the 
two  poles'  is  called  the  axis ; and  a line ' 
formed  all  round  the  furface  of  the  magnet 
by  a plane,  which  divides  the  axis  into  two 
equal  parts,  and  is  perpendicular  to  it,  is 
called  the  equator  of  the  magnet.  It  ap- 
pears, therefore,  that  philofophers  have  ap- 
propriated to  the  magnet  the  poles,  the 
equator,  and  the  meridian,  in  imitation 
of  the  terraqueous  globe  ; but,  to  com- 
plete the  fimilarity,  magnets  have  been 
often  made  of  a fpherical  ihape,  with  the 
poles  and  equator  marked  on  their  furfaces. 
When  fo  ihaped  they  have  been  called  ter^ 
rjllasy  that  is  fmall  earths. 

If  a magnet  be  broken  into  two  or 
more  parts,  each  part  is  a perfedl  magnet 
of  itfelf,  having  two,  and  fometimes  moi*e 
poles ; though  not  every  one  of  the  parts 
has  always  the  fame  number  of  poles. 

is  pofTefled  of  one  polarity,  vi%,  has  the  property  of 
repelling  the  contrary  pole  of  another  magnet,  and  the 
reft  of  the  magnet  is  pofiefTed  of  the  other  polarity: 
the  poles  then  are  thofe  points  in  which  that  power  is 
the  ftrongeft. 


The 
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The  poles  of  the  fragments  generally,  but 
not  always,  anfwer  to  the  poles  which 
were  neareft  to  them  in  the  original 
magnet. 

When  a magnet  can  move  itfelf  freely, 
as,  if  it  be  fufpended  by  a fine  thread,  or 
if  it  be  made  to  float  on  water  by  means 
of  a piece  of  wood,  or  if  it  be  poifed  on 
a point,  and  provided  it  be  not  difturbed . 
by  the  vicinity  of  iron,  &c.  it  will  place 
itfelf  fo  as  to  direft  its  north  pole  towards 
the  north,  and  the  fouth  pole  towards  the 
fouth.  Befides,  it  depreifes  one  of  its  poles 
below  the  horizon,  at  the  fame  time  that 
the  other  pole  is  elevated  above  it. — Of 
this  latter  property  or  inclination,  we  fhall 
treat  in  the  next  chapter,  and  fhall  exa- 
mine the  former  only  in  the  prefent. 

When  a magnet,  that  is  freely  fufpended, 
has  only  two  poles,  it  will  place  itfelf 
very  readily  in  the  magnetic  meridian,  or 
in  that  plane  in  which  other  good  magnets 
are  wont  to  place  themfelves  : but  when 
it  has  more  than  two  poles,  it  may  hap- 
pen, that  thofe  poles  are  fo  fituated  as 

that 
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that  the  magnet  will  not  traverfe,  that  is, 
it  will  have  no  diredive  power,  and  yet 
it  will  attrad,  repel,  &c.  Suppofe,  for 
inftance,  that  an  oblong  magnet  poffelTes 
a north  polarity  equally  ftrong  at  each 
extremity,  and  a fouth  polarity  in  the 
middle}  it  is  plain,  that  as  each  of  the 
extremities  has  an  equal  tendency  towards 
the  north,  neither  of  them  can  be  direded 
towards  the  north  in  preference  to  the 
other}  confequently  the  magnet  cannot 
traverfe  *.  Indeed,  when  both  extremities 
have  the  fame  polarity,  it  happens  very 
feldom  that  they  are  precifely  of  the  fame 
ftrength } and  therefore,  excepting  this 
cafe,  the  magnet  will  always  traverfe; 
however,  as  the  cafe  has  happened  fome- 
times  naturally,  and  it  may,  though 
with  difficulty,  be  effeded ' by  art,  it  is 
proper  that  the  young  experimenter  be 
apprized  of  it,  in  order  to  prevent  furprife 
and  miftakes. 

* It  is  hardly  neceflary  to  obferve,  that  if  this  fame 

magnet  be  broken  in  two  pieces,  the  parts  will  traverfe 
very  readily. 


The 
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The  diredlive  property  of  the  magnet 
is  the  moft  wonderful,  and  altogether  the 
moft  ufeful  part  of  the  fubjedt.  By  it 
the  mariners  are  enabled  to  condudt  their 
veffels  through  vaft  oceans,  out  of  the 
fight  of  land,  in  any  given  diredlion ; by  • 
it  the  miners  are  guided  in  their  works 
below  the  furface  of  the  earth ; and  tra- 
vellers are  condudled  through  deferts, 
otherwife  impaflable.  The  ufual  method 
is,  to  keep  an  oblong  piece  of  magnetic 
fteel  fi.  e.  an  artificial  magnet)  fufpended 
fo  as  to  move  very  freely ; which  will  place 
itfelf  always  in  the  plane  of  the  meridian, 
or  not  much  diftant  from  it,  vtz.  with 
one  and  the  fame  end  towards  the  north, 
and  with  the  oppolite  end  towards  the 
fouth  j then,  by  looking  upon  the  di- 
redtion  of  this  magnet,  or  magnetic 
needle,  they  diredl  their  courfe  fo  as  to 
make  any  required  angle  with  it,  viz.  to 
go  in  any  required  diredtion  with  refpedl 
to  the  parts  of  the  world.  Thus,  fuppofe 
that  a veflel  fetting  off  from  a certain 
place,  muft  go  to  another  place  which  is 
exadtly  weftward  of  the  former ; in  that 

cafe^ 
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cafe,  the  velTel  mu  ft  be  diredled  fo  that 
its  courfe  may  be  always  at  right  angles 
with  the  fituation  of  the  magnetic  needle, 
and  fo  as  to  let  the  north  end  of  the 
needle  be  on  the  right  hand  fide,  and  the 
fouth  end  on  the  left  hand  fide  of  the 
veflel  s for,  as  the  magnetic  needle  lies 
north  and  fouth,  the  diredllon  of  eaft 
and  weft,  which  is  the  courfe  of  the 
veflel,  is  exadtly  perpendicular  to  it. — 
A little  refledUon  will  eafily  fhew  how  the 
veflel  may  be  fteered  in  any  other  di~ 
reftion. 

An  artificial  fteel  magnet  fitted  for  this 
purpofc,  in  a proper  box,  is  called  the 
mariner  s compafs^  or  fea  compafs^  or  fimply 
the  compafs 

Though 

* The  magnet’s  attractive  power  has  been  known 
to  the  remoteft  antiquity;  it  being  mentioned  by 
Homer,  Pythagoras,  Ariftotle,  Plato,  and  others  ^ 
The  Jews  were  acquainted  with  it.  See  Kircher  d& 
magnetCy  lib.  i,  cap.  v.  But  the  earlieft  knowledge 
of  its  diredlive  property,  or  the  difeovery  of  the  ufc 
ofthe  magnetic  needle  in  Europe,  was  not  known  be- 
fore the  13th  century. 


Th 
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Though  the  north  pole  of  the  magnet^ 
in  every  part  of  the  world,  is  dire£ted  near- 
ly towards  the  north,  yet  it  happens  very 
feldom  that  it  points  exactly  towards  it, 
and,  of  courfe,  that  the  fouth  pole  of  the 

magnet 

The  honour  of  this  invention  has  been  much  con- 
tended for  ; hut  by  the  confent  of  mod  writers  it 
feems,  that  a certain  Flavio  or  John  de  Gioja,  or 
Giova,  or  Glra,  a Neapolitan,  who  lived  in  the  13th 
century,  has  the  bed  title  to  the  difcovery.  Dr.  Gil- 
bert, an  Englifh  writer  of  the  16th  century,  in  his 
book  demagnete^  affirms, that  Paulus  Venetus  brought 
the  invention  of  the  compafs  to  Italy  in  the  year  1260; 
having  learned  it  of  the  Chinefe,  Ludi  Vertomanus  - 
aflerts,  that  when  he  was  in  the  Ead-Indies,  about 
the  year  1500,  he  faw  a pilot  direcl  his  courfe’  by  a 
magnetic  needle  fadened  and  formed  like  thofe  now 
in  ufe.  And  Pvlr.  Barlow,  in  his  Navigator’s  Supply, 
anno  1597,  relates,  that  in  a perfonal  conference  with 
two  Ead-Indians,.  they  affirmed,  that,  indead  of  our 
compafs,  they  ufed  a magnetic  needle  of  about  fix 
inches  in  length,  fufpended  upon  a pin  in  a difh  of 
white  china  earth  filled  with  water,  in  the  bottom  of 
which  there  were  marked  two  crofs  lines  to  indicate 
the  principal  winds  ; the  red  of  the  divifions  being 
left  to  the  fkill  of  their  pilots.  But  thefe  two  lad  ob- 
fervations,  being  of  a date  much  poderior  to  the  ufe  of 
the  magnetic  needle  in  Europe,  conclude  nothing 
with  refpedt  to  its  original  difcovery  j fince  the  ufe  of 

that 
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magnet  points  exaftly  towards  the  fouth. 
In  other  words,  the  magnetic  meridian 
does  feldom  coincide  with  the  meridian  of 
the  place,  and  generally  declines  a few 
degrees  eaftward  or  weftward  of  it.  This 
declination  is  different  in  different  places, 

on 


that  magnetic  property  might  have  been  Introduced 
into  Afia  by  fome  European. 

P.  Duhalde,  in  his  General  Hiftory  of  China,  vol.  i. 
in  the  annals  of  the  Chinefe  monarchy,  fpeaking  of 
the  Emperor  Hoangti^  when  he  gave  battle  to  ^fchi 
TeoUy  fays,  He  perceiving  that  thick  fogs  faved  the 
enemy  from  his  purfuit,  and  that  the  foldiers 
rambled  out  of  the  way,  and  loft  the  courfe  ®f  the 
wind,  he  made  a carr,  which  (hewed  them  the  four 
cardinal  points:  by  this  method  he  overtook  T'chi 
“ Yeou^  made  him  prifoner,  and  put  him  to  death. 
Some  fay  there  were  engraved  in  this  carr,  on  a plate, 
the  characters  of  a rat  and  a horfe,  and  underneath 
was  placed  a needle  to  determine  the  four  parts  of 
“ the  world.  This  would  amount  to  the  ufe  of  the 
compafs,  or  fomething  very  near  it,  being  of  great 
antiquity  and  well  attefted.” 

And,  in  another  part  of  the  fame  book,  fpeaking  of 
certain  ambafiadors,  fays,  After  they  had  their  au- 
“ dience  of  leave,  in  order  to  return  to  their  own  coun- 
try,  Tcheou  Kong  gave  them  an  inftrument,  which  on 
one  fide  pointed  towards  the  north,  and  on  the  oppo- 

fite 
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on  land  as  well  as  at  fea  ; and  is  alfo  con- 
tinually varying  in  the  fame  places.  Fof 
inftance,  the  declination  in  London  is  not 
the  fame  as  at  Paris,  or  as  at  the  Cape  of 
Good  Hope ; and  the  declination  in  Lon- 
don, or  at  fome  other  place,  is  not  the  fame 

now 


fite  fide  towards  the  fouth,  to  direct  them  better  on 
their  way  home,  than  they  had  been  directed  in 
“ coming  to  China.  This  inftrument  was  called 
“ 7t7;/  JVan,  which  is  the  fame  name  as  the  Chinefe 
“ now  call  the  fea  compafs  by  : This  has  given  oc- 
cafion  to  think,  that7t7^^^?K  was  the  inventor 

of  the  compafs.” — This  happened  in  the  22d  cycle, 
above  1040  years  before  Chrift, 

Renaudot  adduces  ftrong  reafons  againfl  the  know”- 
ledgc  of  the  mariner’s  compafs  amongft  the  ancient 
people  of  China,  and  of  Arabia.  See  Kircher  <7^ 
magnete^  lib.  i.  cap.  v. 

Sir  G.  Wheeler  fays,  that  he  had  feen  a book  of 
aftronomy  older  than  the  year  1302,  which  mentions 
the  ufe  of  the  needle  in  aftronomy,  but  notin  naviga- 
tion. And  in  an  old  French  poet,  named  Guyot  de 
Provins,  who  wrote  about  the  year  1180,  there  is  ex- 
prefs  mention  made  of  the  load-ftone  and  the  compafs; 
bu^  their  ufe  in  navigation  is  obliquely  hinted  at. 

The  Spanifh  jefuit  Pineda,  and  Kircher,  affirm 
that  Solomon  knew  the  ufe  of  the  compafs,  and  that 
his  fubjc6ts  did  adually  ufe  it  in  their  navigations. 

Notwith- 
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flow  as  It  was  20  years  ago,orfome  time  ago. 
The  change  or  variation  of  the  declination 
may  be  obferved  even  in  one  hour’s  time ; 
br>  more  properly  fpeaking)  the  magnetic 
meridian j in  one  and  the  fame  part  of  the 
worldj  is  ‘continually  fliiftlng  its  fituation. 

This  variation  cannot  be  owing  to  anyim- 
perfeftionin  the  eonftrudtion  of  the  magne- 
' tic  needles,  or  to  the  various  ftrength  of  dif- 
ferent magnets,  bccaufe  all  the  magnets  or 
magnetic  needles,  that  are  kept  in  the  fame 
place,  fliew  exactly  the  fame  declination, 
provided  they  be  freely  fufpended,  and  not 
placed  within  the  influence  of  each  other^ 
or  of  other  ferruginous  bodies 

the 

Notv/Ithdaiiding  the  Foregoing  remarks,  it  is  ftill 
very  doubtful  whether  the  ufe  of  thecompafs  in  navi- 
gation, or  even  the  traverfing  property  of  the  load- 
ftone,  was  known  by  any  people  before  the  Europeans 
began  to  uie  it,  in  or  about  the  13th  century;  in 
which  time  the  above-mentioned  Fiavio,  or  John  de 

Gioa,  if  not  the  inventor,  was  at  leaft  the  firft  vl^ho 
» 

ufed  it  for  the  guidance  of  veffels  in  the  Mediter- 
ranean. 

* The  difcovery  of  the  declination  of  the  magnetic 
needle  is  generally  attributed  to  Sebaftian  Cabot,  a 
V enetian,  who  is  faid  to  have  difcovered  it  in  the  vear 

E 1 500 ; 
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The  uncertainty  of  this  declination  in 
different  parts  of  the  world,  is  one  of 
the  greateft  impediments  againft  the  perfec- 
tion of  navigation;  and  therefore  philofo- 
phers  have  fpared  no  pains  in  endeavour- 
ing to  inveftigate  its  caufe,  and,  if  poffible, 
to  correft  the  errors  that  neceffarily  arife 
from  it ; but  human  induftry  has  not  yet 
been  able  to  elucidate  this  obfcure  part  of 
the  fubjedl  of  magnetifm. 

Ever  lince  the  difcovery  of  the  declina- 
tion of  the  magnetic  needle,  ingenious 
perfons,  both  at  fea  and  on  land,  have 
affiduoufly  endeavoured  to  afeertain  its 
quantity  in  different  places ; and  their  ob- 
fervations  have  been  not  only  regiftered  in 
books,  but  are  alfo  fet  down  in  good  fea 
charts,  for  the  ufe  of  future  navigators  : 
however,  thofe  obfervations  can  ferve  for 
a few  years  only,  on  account  of  their  being 

1500  ; though*  in  truth  it  was  Columbus  who,  as 
is  mentioned  in  his  life,  difeovered  it,  in  his  firft  voy- 
age to  America  in  1492;  but  the  variation  of  the 
declination,  or  the  variation  of  the  declination  in  the 
fame  place,  but  at  different  times,  was  difeovered  by 
Mr.  Gellibrand,  a profelTor  in  Gyefham  College, 
about  the  year  1625. 

inconflant 
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inconftant  and  fluctuating  in  the  fame 
places ; nor  has  it  yet  been  difebvered  that 
this  variation  or  fluctuation  is  fubjeCt  to 
any  law  or  period ; though  various  hypo- 
thefes  have  been  framed  for  its  explana- 
tion. 

N V 

When  the  compilation  of  the  prefent 
Work  was  firfl;  begun,  my  defign  was  to 
infert  in  it  all  the  obfervations  relating  to 
the  declination  of  the  magnetic  needle, 
which  had  been  made  in  different  parts  of 
the  world,  and  at  different  times,  for  the 
ufe  of  thofe  perfons  who  might  wifll  to 
inveftigate  the  caufe  or  period  of  that  varia- 
tion ; but,  after  having  extracted  the  ob- 
fervations of  divers  navigators  and  other  ob- 
fervers  from  the  accounts  of  voyages,  &c. 
it  appeared  that  the  bulk  of  thofe  obferva- 
tions alone,  independent  of  any  other  part 
of  the  fubjeCt,  would  require  a volume 
larger  than  the  prefent.  Confidering,  there- 
fore, that  this  additional  volume  could  be 
of  ufe  only  to  a few  fpeculative  perfons  (and 
probably  it  would  not  be  productive  of 
any  ufeful  theory ; fince,  as  will^be  parti- 
cularly mentioned  in  the  fequel,  the  caufe, 

E?  2 , upon 
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lipon  which  the  declination  and  its  varia- 
tion are  likely  to  depend,  feems  to  be  itfelf 
Very  flu6luating  and  irregular)  I have  con- 
tented myfelf  with  fubjoining  only  a lift 
of  a few  obfervations  made  in  various 
parts  of  the  world,  together  with  the  obfer- 
vations made  at  different  times  in  London. 
After  which  I ftiall  conclude  this  chapter 
with  fome  general  obfervations  relating  to 
the  declination,'  and  a fpecimen  of  the 
daily  variation. 

IV.  B.  By  the  declination  being  eaft  or 
weft,  is  meant,  that  the  north  extremi- 
ty of  the  magnetic  needle  is  on  the  eaf- 
tern  or  weftern  fide  of  the  meridian  of 
the  place- 
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!_ 

Longitude, 

Weft. 

0 / 

Declination, 

Eaft. 

0 / 

Years  In  which 
the  obfervationjs 
were  made. 

6. 

45- 

33-  30- 

09-  35- 

Well. 

1776-, 

1 

7* 

5°- 

34.  20.' 

00.  7. 

8*. 

43- 

34.  20. 

00.  15. 

Eaft. 

9‘ 

I. 

34-  SO- 

00.  44, 

Weft. 

10. 

» 

4- 

34-  49- 

00  38. 

Eaft. 

12. 

40. 

34*  49* 

I. 

12. 

13- 

23.- 

34*  49* 

I. 

I . 

14. 

I 1 . 

34.  49. 

I.  9. 

15- 

•33- 

34*  4^* 

I.  15. 

16. 

12. 

35. 20. 

2.  4. 

18. 

3°- 

35-  S°- 

3-  2. 

20. 

/ 

'8. 

36.  I. 

5- 

26. 

21. 

37* 

36.  9. 

3- 

24. 

24. 

17- 

36.  8. 

3- 

24. 

26. 

47- 

34-  27. 

3- 

44- 

28. 

19. 

32.  20. 

i.  58. 

3°- 

25- 

26.  28. 

2-  37- 

Weft. 

33- 

43- 

16.  30. 

4- 

44- 

35- 

37- 

9.  30. 

5- 

51- 

3^- 

52. 

23.  20. 

Eaft. 

22.  12. 
Eaft. 

40. 

36- 

173-  34- 

13- 

47- 

42. 

4- 

167.  32. 

13-  17- 

Weft.  , 

• 

44. 

52. 

155-  47- 

9- 

28. 

■ 

46. 

15- 

144.  50. 

14. 

48. 

48. 

41. 

69.  10. 

27. 

39- 

9 


Declination 
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Diclination  objerved  in  London  at  different 


times  ^ ■ 

Years. 

Declination. 

1 

1576- 

II. 

IS- 

1580. 

II. 

1 1. 

1612. 

6. 

10. 

1622. 

6. 

0. 

1633-. 

4. 

5- 

1634. 

4- 

5- 

16^7. 

0. 

0. 

1665. 

I. 

22s 

1666. 

% 

I. 

35^ 

1672. 

2. 

3°- 

1683. 

4. 

30- 

1692. 

6. 

0. 

1700. 

8. 

0. 

1717. 

lO. 

42. 

1724. 

II. 

45- 

1725- 

II. 

56. 

173°- 

^3- 

00. 

1735- 

14. 

16. 

1740. 

^5- 

40. 

1745- 

16. 

S3- 

1750. 

^7- 

54- 

1760. 

19. 

12. 

17^5- 

20; 

00. 

1770. 

20. 

35- 

1774- 

21. 

0 , 

J 

1775* 

1780. 

21. 

3°- 

1785- 

• 

E 4 

hE'aft, 


VWeft. 


When 
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When  the  variation  of  the  magnetic 
needle  was  firft  difcovered,  it  was  to  the 
caft  of  the  meridian  of  London,  and  of 
fevcral  other  places  on  the  continent.  It 
has  been  fince  that  time  advancing:  conti- 
nuaily  towards  the  weft,  fo  that  in  the 
year  1657,  the  magnetic  needle  pointed 
due  north  and  fouth  ; and,  at  prefent,  its 
variation  is  about  22°  weft.  This  gradual 
advance  of  the  needle's  variation  from  the 
eaft  to  the  weft,  has  been  obferved  in  va- 
rious other  places  ; but  in  fome  parts  of 
the  world  the  variation  has  neither  moved 
with  the  fame  celerity,  nor  towards  the 
fame  way.  The  rate  of  its  increafe  has 
’ neither  been  very  regular,  viz.  if  the  va- 
riation increafed  was  10  minutes  in  one 
year,  it  did  not  keep  conftantly  increafing 
10  minutes  more  for  every  fubfequent 
year  ; though  fometimes  it  has  fliewn  a 
confiderable  degree  of  regularity  for  a few 
years.  In  fliort,  the  obfervatlons  and  theo- 
ries hitherto  made,  relating  to  the  varia- 
tion of  the  magnetic  needle,  do  not  point 
out  any  way,  by  which  the  declination  in  a 
given  place,  and  for  a given  time,  may  bo 
foretold  with  any  degree  of  certainty. 


The 
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The  daily  variation  is  evidently  affeded 
by  the  heat  and  cold ; though  their  not 
being  always  proportionate  to  each  other, 
fliews,  that  heat  is  not  the  only  caufe  upon, 
which  it  depends. 

I fhall  now  add,  as  a fpecimen  of  the 
daily  variation,  the  obfervations  made  at 
different  hours  of  one  and  the  fame  day, 
and  alfo,  the  mean  variation  for  each  month 
in  the  year,  according  to  the  obfervations 
of  the  late  ingenious  Mr.  Canton  *. 

* Phil.  Tranf.  vol.  li.-r-If  the  reader  be  defirous 
of  examining  farther  the  obfervations  made  concern- 
ing the  variations  of  different  places,  and  at  different 
times,  he  may  confult  the  Phil.  Tranf.-— the  Hiffory 
de  PAcademie  de  Paris — almoft  all  the  Ads  of  other 
academies-r-the  obfervations  made  in  the  courfe  of 
Capt.  Cook’s  voyages,  and  publifhed  by  Mr.  Bayly 
and  ^4*'•  Wales.r-^c.  kc. 
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^he  declination  obferved  at  different  hours  of 

the  fame  day. 

June  2 

Hours.  Minutes  . 


Morning. 


I 

Afternoon.  ^ 


O. 
6. 
8. 

9- 

I 10, 

Li  I. 

0. 

1 . 

3- 
7* 
! 9* 

III. 


i8. 

4* 

30- 

2. 

20. 

40. 

50- 

38- 

10. 

20. 

12. 

40. 


7th, 

175 

)echnationWeft 

0 

i 

12. 

2. 

18. 

58 

18. 

55 

18. 

54 

18. 

57 

19. 

4 

19. 

9 

19. 

8 

19. 

8 

18. 

59 

19. 

6 

18. 

51 

Degrees  of  Fahrenheit’* 
thermometer, 

62. 

62. 

65- 

67. 

69. 

68f. 

70. 

70. 

68. 

6i. 

59* 

57L 


^hemeanvariattonfor  each  month  in  they  ear  ^ 


January 

February 

March 

April 

May 

Tune 

July 

Auguft 

September 

October 

November 

December 


11 

8. 

58^ 

^7 

26 
o 
21 

14 

19 

43 

36 

9 

6.  58, 

; H A P- 


7- 

8. 

11. 

12. 

13- 

13- 

13- 

12. 

II. 

10. 

8. 
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CHAPTER  V. 

Of  the  magnet's  mchnatton,  or  dipping 


A K E a globular  magnet,  or,  which 


is  more  ealily  procured,  an  oblong, 
one,  like  S N,  fig.  2.  of  plate  I;  the  ex- 
tremity N of  which  is  the  north  pole,  the 
Other  extremity  S,  the  fouth  pole,  and  A 
is  its  middle  or  equator.  Place  it  hori- 
zontally upon  a table  C D j then  take  ano- 
ther fmall  oblong  magnet  « j (a  commoit 
fmall  fewing  needle,  made  magnetic,  anr 
fwers  perfectly  well  for  this  purpofe),  and 
fufpend  it,  by  means ’of  a fine  thread  tied  to 
its  middle,  in  fuch  a manner  as  to  remain 
in  a horizontal  pofition,  when  not  dif- 
turbed  by  another  magnet,  &c.  Now,  if 
the  faid  fmall  magnet,  being  held  by  the 
upper  part  of  the  thread,  be  brought  juft 
over  the  middle  of  the  large  magnet, 
within  two  or  three  inches  of  it,  you 
will  find,  that  this  fmall  magnet  will  turn 
itfelf  fo  as  to  diredt  its  fouth  pole  s towards 
^he  north  pole  N of  the  large  magnet,  and 


needle. 


its 


6o  Laws  of  Magnetism. 

its  north  pole  n towards  the  fouth  pole 
S of  the  large  one  ; agreeably  to  the  mag- 
netical  law  mentioned  in  the  preceding 
pages,  *viz.  that  poles  of  different  name 
attradl:  each  other.  It  will  be  farther  ob- 
ferved,  that  the  fmall  magnet,  whilfl; 
kept  juft  over  the  middle  A of  the  large 
one,  will  remain  parallel  to  it,  and  con- 
fequently  in  a horizontal  fituation  ; the 
reafon  of  which  is,  becaufe  the  poles  of 
the  fmall  magnet,  being  equally  diHant 
from  the  contrary  poles  of  tlie  large  one, 
are  equally  attrafted.  But  if  the  fmall 
magnet  be  moved  a little  nearer  to  one  end 
than  to  the  other  of  the  large  magnet, 
then  one  of  its  poles,  namely  that  which 
is  neareft  to  the  contrary  pole  of  the  large 
magnet,  will  be  inclined  downwards  5 and 
of  courfe  the  other  pole  will  be  elevated 
above  the  horizon.  It  is  evident  that 
this  inclination  muft  be  greater  according 
as  the  fmall  magnet  is  placed  nearer  to 
one  of  the  poles  of  the  large  magnet,  be- 
caufe the  attraction  of  the  neareft  pole  will 
have  more  power  upon  it.  Farther,  if 
the  hnall  magnet  be  brought  juft  oppofite 
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one  of  the  poles  of  the  other,  it  v/ill 
turn  the  contrary  pole  towards  it,  and 
will  place  itfelf  in  the  fame  ftraight  line 

with  the  axis  of  the  large  magnet. - 

Obferve  the  fig. 

After  comprehending  this  very  eafy  ex- 
periment, the  reader,  in  order  to  under- 
ftand  the  phenomena  of  the  magnetic 
inclination  or  dipping  needle  upon  the 
‘ furface  of  the  earth,  needs  only  imagine 
thaf'the  earth  is  the  large  magnet,  and 
that  the  magnetic  needle,  or  any  other 
magnet,  is  the  fmall  magnet  of  the  pre- 
ceding experiment ; for,  admitting  that 
the  north  pole  of  the  earth  is  poffefied  of 
a fouth  magnetic  polarity,  and  that  the 
oppofite  pole  is  poffefled  of  a north  mag- 
netic polarity,  it  appears,  as  is  con- 
firmed by  adlual  experience,  that  when  a 
magnet,  properly  lliaped  and  fufpended, 
is  kept  near  the  equator  of  the  earth,  it 
mufl:  remain  in  a horizontal  fituation ; 
that  if  it  be  removed  nearer  to  one  of  the 
poles  of  the  earth,  it  mufi:  incline  one 
of  its  extremities,  namely  that  which  is 
poflefled  of  the  contrary  magnetic  pola- 
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' rity  ; that  the  fald  inclination  muft  in- 
creafe  in  proportion  as  the  magnet  or 
magnetic  needle  recedes  from  the  equa- 
tor of  the  earth  ; and  laftly,  that  when 
brought  juft  upon  either  of  the  poles  of 
the  earth,  it  muft  ftand  perpendicular  to 
-the  ground,  viz.  in  the  fame  ftraight  line 
•w  ith  the  axis  of  the  earth.  The  diredtion 
of  the  dipping  needle,  in  any  place,  is 
called  the  magnet ical line. 

My  reader  muft  not  be  furprifed  to  hear, 
that  a fouth  magnetifm  is  attributed  to 
the  north  pole  of  the  earth  5 it  being  only 
meant,  that  it  has  a magnetic  polarity 
contrary  to  that  end  of  the  magnetic 
needle  which  is  diredled  towards  it ; and^ 
as  we  call  that  fame  end  of  the  needle  a 
north  magnetic  pole,  we  muft  of  necefllty 
attribute  a contrary  polarity^  that  is,  a 
fouth  magnetic  polarity,  to  the  north  pole 
of  the  earth.  With  a proper  change  of 
names,  the  fame  remark  muft  be  under- 
ftood  of  the  fouth  pole  of  the  earth,  which 
therefore  muft  be  confidered  to  be  pof- 
fefled  of  a north  magnetic  polarity. 

That  the  wdiole  body  of  the  earth  adls  like 

a real 
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a real  magnet,  is  a fuppofitlon,  not  only 
fuggcfted  by  the  fimilarity  between  the 
phenomena  of  the  dipping  needle  and  the 
above-mentioned  experiment ; but  is  epn- 
firmedbymany  other  experiments  and  ob- 
fervations,  fo  that  it  would  be  fcepticifm 
indeed  to  doubt  of  it:  we  fhall,  however, 
examine  this  fubjed  more  at  large  in  the 
next  Part. 

If  the  poles  of  the  earth,  viz.  the  ex- 
tremities of  the  axis,  about  which  it 
performs  the  diurnal  rotation,  coincided 
with  Its  magnetic  poles,  or  even  if  the 
magnetic  poles  were  always  at  a fixed 
diftance  from  them,  the  inclination  of  the 
magnetic  needle  would  be  regular,  and 
navigators  could  derive  great  advantage 
from  it ; for  it  would  not  be  difficult  to 
determine,  by  mathematical  means,  the 
degree  of  the  inclination  of  the  needle  in 
any  given  latitude ; and  confequently,  by 
obferving  the  adlual  inclination  of  the 
dipping  needle  in  any  required  place,  the 
mariners  could^  thereby  afeertain  the  lati- 
tude of  that  place.  The  cafe,  however, 
is  far  different  ^ for  the  magneticipoles  of 

the 
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the  earth  are  continually  Ihifting  litua« 
tionj  and  that  without  any  known  regu- 
larity or  period  : hence,  the  inclination^ 
as  well  as  the  horizontal  direction,  of  the 
needle  is  continually  changing  in  the  fame 
place,  and  generally  it  changes  very  little 
in  one  place,  and  a great  deal  or  nothing  in 
another  ; fo  that  the  exadl  degree  of  its  in- 
clination, in  any  given  place,  can  only  be 
afeertained  by  actual  experiment.— Here 
follow  a few  obfervations  of  the  inclina- 
tion of  the  needle  in  various  places. 


Latitude^ 

North, 

0 ^ 

Long!  tUde, 
Bafl, 

0 ^ 

The  north  end  of 
the  needle  below 
the  horizon. 

0 f 

Vears  Ih  whick 
the  obfervati- 
ons were  made. 

53- 

55- 

193- 

39- 

69.  .10, 

« 

CO 

• 

49. 

36- 

233:  10. 

Wtft. 

72. 

29. 

44. 

5- 

8.  10. 

34- 

1776^ 

38- 

53- 

12* 

I , 

70. 

34- 

57- 

14. 

8. 

66.  12. 

29. 

18. 

16. 

7- 

62.  ■ 

^7- 

24. 

24. 

18. 

I I. 

59.  0. 

20.  47. 

19. 

36- 

56. 

15- 

15- 

8. 

0 

38- 

51.  0. 

12. 

1. 

23- 

35- 

48. 

26; 

10. 

Oi 

22.  52. 

44.  12. 

5-  2. 

South, 

20. 

10. 

37- 

25- 

0* 

3* 

27s 

3^- 

30^  3- 

- 

tatltud^, 
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Latitude, 

South. 

0 t 

Longitude, 

Eaft. 

0 / 

The  north  end  of 
the  needle  below 
the  horizon. 

0 / 

Years  in  which 
the  obfervations 
were  made. 

4. 

40. 

3°- 

34- 

22. 

15- 

1776. 

7- 

3- 

33‘ 

21. 

17* 

57- 

I I* 

25. 

34- 

Eaft. 

24. 

9.  15. 

South  end  be- 
low. 

- 

16. 

45* 

CO 

0 

12. 

29. 

28. 

19. 

28. 

204. 

II. 

41. 

0. 

21. 

8. 

185. 

0. 

39- 

I. 

1777. 

35- 

55- 

18. 

20. 

45- 

37- 

1774- 

41. 

S- 

174. 

^3- 

63- 

49. 

^771  ‘ 

45- 

47. 

i66. 

18. 

70, 

5- 

1773- 

Two  principal  obfervations  may  be  made 
with  refped:  to  the  dipping  needle : the 
firft  is,  that  its  inclination  does  not  alter 
regularly  in  going  from  north  to  fouth, 
or  from  the  latter  to  the  former^  along 
any  meridian ; and  the  fecond  is,  that 
its  alteration  in  the  fame  place,  at  dif- 
ferent times,  is  very  fmall : Thus,  in 

London;  about  the  year  1576,  the  north 
pole  of  the  dipping  needle  flood  71®.  50^ 
below  the  horizon  ; and  in  the  year  1775 
it  flood  at  72°.  3^  the  alteration  of  the 
inclination  in  fo  many  years  amounting  to 
- lefs  than  a quarter  of  a degree,  which  may 

F b» 
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be  even  attributed  to  the  error  of  the  in- 
jft'ruments,  lince,  as  will  appear  in  the 
fequel,  thofe  inftruments  are  far  from 
having  attained  to  any  perfedtion,  even  in 
the  prefent  age. 


e H A P T E R VI. 

Of  the  various  bodies  which  are  attracted 

by  the  magnet. 

Properly  fpeaking,  the  magnet 
attracts  only  iron,  in  whatever  ftate 
that  metal  may  be  ^ but,  as  moft  natural 
bodies  contain  too  fmall  a quantity  of 
iron  to  be  called  ferruginous,  and  yet 
they  are  attracted  by  the  magnet,  it  is 
proper  to  enumerate  them  in  this  chapter, 
not  only  to  Ihew  the  great  difperfion  of 
iron  throughout  the  works  of  nature,  but 
alfo,  becaufe  thofe  obfervations  feem  likely 
to  open  the  way  to  farther  difcoveries  in 
other  branches  of  philofophy  as  well  as 
magnetifm. 

The  lift  of  thofe  bodies  is  very  com- 

prehenfive  ; 
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prehenfive ; there  being  hardly  any  fub- 
flance,  but  which,  if  not  naturally,  at 
lead:  by  fubjedling  it  to  the  aftion  of  fire, 
may  be  rendered,  in  fome  meafure,  capable 
of  being  attradled  by  the  magnet. 

Iron  is  attracted  with  different  degrees 
of  force,  according  to  the  different  ftates 
of  its  exiftence ; but  it  never  becomes 
quite  infenfible  to  the  magnetic  power. 
Even  the  pureft  calx,  or  the  compleateft 

i. 

folution,  that  has  been  produced  of  that 
metal,  when  properly  examined,  is  found 
to  be  in  fome  degree  .attradled  by  the 
magnet. 

Soft  iron,  clean  and  of  an  uniform  tex- 
. ture,  is  attracted  more  forcibly  than  the 
hard,  or  any  other  fort  of  iron.  Steel,  efpe- 
cially  when  hardened,  is  attracted  much  lefs 
forcibly  than  iron.  The  fcales  which  are 
feparated  from  the  furface  of  red-hot  iron 
when  hammered,  and  the  particles  of 
burned  fteel  that  are  produced  from  the 
collifion  of  a flint  and  fteel,  are  attradled 
by  the  magnet  about  as  well  as  pieces  of 
good  iron  that  equal  them  in  bulk. 

The  black  calx  of  iron  is  attraded  very 

F 2 weakly. 
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weakly.  The  red  calx,  or  ruft,  whether 
It  be  produced  by  the  adlion  of  acids,  of 
fire,  or  of  expofure  to  the  atmofphere,  is 
attraded  very  little;  but  it  never> becomes 
quite  infenfible  of  the  magnet's  adion, 
though  it  be  repeatedly  wa filed  and  pu- 
rified. 

When  the  particles  of  iron  are  in  the 
form  of  black  fcales,  or  even  in  that  of  red 
calx,  they  are  often  of  fuch  a nature,  per- 
haps owing  to  their  hardnefs,  as  to  acquire 
a weak  but  fenfible  polarity  from  the  in- 
fluence of  a flrong  magnet ; fo  that,  by 
changing  the  pole  of  the  magnet  that  is 
prefented  to  them,  they  may  be  made  to 
turn  accordingly ; though,  in  general,  thtya/uiL^ 
attraded  alike  on  every  fide. 

Befides  the  different  ftates  of  purity,  the 
attradion  between  the  iron  and  a magnet 
isfubjed  to  a confiderable  variation,  ariiing 
from  the  fize  of  the  iron ; for  a Angle  piece 
of  iron  of  a certain  bulk,  which,  as  was 
obferved  in  the  3d  chapter,  muft  be  de- 
termined by  experiment  in  any  magnet, 
is  attraded  more  forcibly  than  either  a 
larger  or  a fmaller  piece,  or  than  many 
♦ * pieces. 
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pieces,  which,  taken  all  together,  are  equal 
to  it  in  weight ; hence  it  follows,  that  a 
quantity  of  iron  is  attrafted  with  the  lead: 
force,  when  reduced  into  the  fmalleft  bits, 
or  fined:  powder. 

The  ores  of  iron  are  attracted  more  or 
lefs  readily,  according  as  they  contain  a 
greater  or  fmaller  quantity  of  metal,  and 
as  that  metal  is  in  a more  or  lefs  perfect 
metallic  date  ; but  they  are  always  at- 
tradled,  even  thofe  which  contain  fo  fmall 
a quantity  of  metal  as  hardly  to  deferve 
the  name  of  ores. 

By  the  action  of  fire,  the  iron  ores  are 
generally  put  in  a date  of  being  much 
more  readily  attradled,  which  is  evidently 
owing  to  their  acquiring,  more  of  the  in- 
flammable principle,  or  to  their  approach- 
ing nearer  to  the  perfed  metallic  date. 
In  fa£l,  if  thofe  ores  which  are  very  weakly 
attradled,  be  expofed  to  the  action  of  fire, 
when  they  are  furrounded  by  fubdances 
‘ that  aboundwith  the  inflammable  principle, 
they  are  thereby  rendered  much  more  ca- 
pable of  being  attracted,  than  if  they  be 

F 3 expofed 
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expofed  to  an  open  fire,  and  to  the  current 
of  air,  by  themfelves. 

The  ores  of  other  metals  are  generally, 
though  weakly,  attracted  by  the  magnet, 
which  fhews  their  containing  fome  iron  ; 
fuch  are  the  ores  of  lead,  of  tin,  and  of 
copper.  Native  cinnabar  is  likewife  at- 
trafted ; but  the  factitious  cinnabar  is 
not 

The  pure  metals  are  not  attracted  ^ and 
it  is  very  fingular,  that  though  pure  lead 
is  not  attracted  in  the  leafl  by  the  magnet, 
yet  its  calx  is  a little  attracted.  The  calx 
of  tin  is  likewife  attracted,  but  even  in  a 
fmaller  degree  “f*. 

Of  the  femi-metals,  zinc,  bifmuth,  and 
particularly  cobalt,  as  well  as  their  ores, 
are  almoft  always  attracted  by  the  magnet. 
Antimony  is  not  attracted  unlefs  it  be  firft 
expofed  to  a gentle  fire.  Arfenic  is  not 
attracted  at  all. 

* This  remark  fliews,  that  the  colour  of  a mineral 
is  not  always  a fure  indication  of  its  containing  iron  ; 
for  both  forts  of  cinnabar  have  the  fame  red  colour. 

t See  Brugman  de  aHInit.  magnet.  § xxxix. 

A certain 
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A certain  fort  of  bifmuth  is  faid  to  poffefs 
a very  fingular  property,  which  is,  that  the 
magnet  repels  it  on  every  fide 

Whoever  confiders  the  vaft  difperfion 
of  iron  throughout  the  world,  and  its  being 
always  capable  of  attradlion  towards  the 
magnet,  will  eafily  believe,  that  there  is 
hardly  any  fubflance  in  nature,  which,  if 
not  in  its  ufual  fliate,  at  leaft  by  burning, 
may  be  rendered  capable  of  being  in  fome 
meafure  attracted  by  the  magnet. 

The  other  minerals  befides  the  metallic, 
are  almofi:  all  attracted  by  the  magnet,  at 
leafl  after  having  been  expofed  to  the  adlion 

* Birmutum  colore  albo,  argenteo,  nitente,  tra- 
“ hitur  a magnete,  crefcitque  illius  attra6Ho  ex  igne 
femimetallum  hoc  in  calces  vertente  ; fed  bifmu- 
tuni  cujus  colori  magis  obfcuro  quid  de  violaceo 
‘‘  inhasrebat  fingulare  admodum  phaeiiomenon  exhi- 
buit.  Ejus  fcilicet  portio,  circello  chartaceo  aquae 
innatanti  immifTa  lente,  ab  utroque  magnetis  polo 
“ in  omnem  plagam  repellebatur.  Huic  fimile  quid 
me  femel  tantum,  et  cafu,  inter  millena  experi- 
‘‘  menta  magnetica,  obfervaiTe  memini,  in  molecula 
exigua  ex  lapide  noftro  molari  exculTa.  PvCpulfio 
haec  bifmuti  fingularis  in  attracHoncm  ignis  ope 
mutatur  perquam  tamen  continuo  exiguam.’’ 
Brugman  dc  affinit.  magnet.  § xl. 
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of  fi  re  Of  the  pure  earths,  the  calca- 
reous is  left  or  not  at  all,- and  the  filice- 
ous  themoft  frequently,  attracted.  Sand  is 
generally  attrafted,  efpecially  the  black 
fea-fand,  which  evidently  contains  a good 
deal  of  martial  earth,  or  rather  half-form- 
ed iron. 

Amber  and  other  combuftible  minerals, 
are  generally  attraded  by  the  magnet,  efpe- 
cially after  burning. 

Of  the  precious  ftones,  thofe  which  are 
pellucid,  as  the  diamond,  and  cryftals,  are 
not  attracted.  The  amethyft,  topaz,  chal- 
cedony, and  generally  thofe  which  are  de- 

* When  fubftances  are  to  be  burned,  or,  as  it  is 
called  by  feveral  mineralogifts,  are  to  be  roafted,  for 
the  fake  of  rendering  them  more  eafily  capable  of  be- 
ing attradled  ; it  has  been  recommended  by  various 
ingenious  perfons,  to  furround  them  'with  "what  they 
call  a reducing  Jiux^  vl%.  with  fubftances  that  con- 
tain abundance  of  phlogifton,  in  order  to  revivify, 
as  much  as  poffible,  the  fmall  quantity  of  iron  calx 
which  is  in  the  fubftances  to  be  examined  y but  care 
fhould  be  had,  that,  in  this'operation,  feme  quantity  of 
iron  be  not  imparted  to  thofe  fubftances  by  the  redu- 
cing fluxitfelf. — A common  earthen  crucible,  though 
itfelf  magnetic,  yet  it  has  been  found  that  it  imparts 
no  iron  to  the  fubftances  that  are  expofed  in  it  to 
the  fire, 

prived 
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prlved  of  their  colour  by  fire,  are  not 
attracted.  The  other  precious  ftones  are 
all  attradled ; the  ruby,  efpecially  the 
oriental,  the  chryfolite,  and  the  tourma- 
lins. The  emerald,  and  particularly  the 
garnet,  are  not  only  attradled,  but  fre- 
quently acquire  an  evident  polarity  from 
the  influence  of  a flrong  magnet,  fo  that 
afterwards  they  are  attradled  from  one  fide 
and  repelled  from  the  other.  The  opal  is 
but  weakly  attradled. 

Almofl  every  part  of  animal  or  vegeta- 
ble bodies,  after  combuflion,  is  in  great 
meafure  attradled  by  the  magnet.  The 
fle£h,  and  efpecially  the  blood,  after  burn- 
ing, are  attradled  mofl,  but  the  bones 
are  attradled,  lefs  powerfully.  The  ve- 
getablesy  after  burning,  are  almofl  all, 
though  not  all  with  equal  force,  attradled 
by  the  magnet.  But  unburned  and  frefh 
animal  or  vegetable  fubflances  very  feldom, 
if  ever,  fhew  any  perceptible  attradlion 
towards  the  magnet. 

It  is  very  remarkable,  that  even  foQt,  and 
the  dull  which  ufually  falls  upon  whatever 
is  left  expofed  to  the  atmbfphere,  are  fen- 
fibly  attradled  by  the  magnet. 


Thus 


74  Laws  of  Magnetism. 

Thus  it  appears  that  iron,  though  divi- 
ded into  exceedingly  fmall  particles,  is  in 
fome  ftate  or  other  mixed  with  every  fub- 
ftance ; that  it  is  to  be  found  in  animals,  in 
vegetables,  in  minerals,  and  even  in  the  air; 
that  in  every  ftate  of  exiftence  it  always 
fliews  fome  attradlion  towards  the  magnet; 
and  that  its  exiftence  in  feveral  fubftances 
can  be  difcovered  by  no  other  known  me- 
thod befides  the  magnet.  But  a judicious 
enquirer  might  alk.  Why  muft  we  conclude 
that  a fubftance  contains  iron,  only  becaufc 
it  is  in  fome  meafure  attracted  by  the  mag- 
net ? and  when  he  is  told,  that  the  mag- 
net attracts  only  iron,  he  might  again  afk 

for  a demonftration  of  that  law. — Indeed 

» 

it  feemsalmoft  certain,  that  fome  bodies,  in- 
dependent of  iron,  are  attracted  by  the 
magnet;  but,  as  the  proofs  of  this  aflertion 
depend  upon  fome  of  the  author's  own 
experiments,  which  will  be  related  in  the 
laft  Part  of  this  work  ; it  feems  not  proper 
to  admit  the  above-mentioned  aftertion  as  a 
law  in  this  place. 


CHAP- 
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CHAPTER  VII. 

< 

Of  communicated  Magnetifm. 

WH  E N a piece  of  iron  or  fteel,  or, 
in  fhort,  of  any  ferruginous  body, 
is  prefented  to  a magnet,  within  a proper 
diftance  of  one  of  its  poles,  it  becomes  in- 
ftantly  magnetic,  the  part  of  it,  which  is 
neareft  to  the  magnet,  acquiring  the  con- 
trary polarity,  &c. 

This  acquired  magnetifm  is  ftrongeft 
with  foft  iron,  and  weakeft  with  hardened 
fteel,  or  with  the  brittle  fort  of  caft  iron ; 
the  other  forts  of  iron  or  ferruginous 
bodies  acquiring  a ftronger  or  weaker 
p^bwer,  according  as  they  approach  the 
hardnefs  of  the  latter  or  the  foftnefs  of 
the  former.  But  the  permanency  of  the 
acquired  magnetifm  follows  juft  the  reverfe 
of  this  rule ; fo  that  the  hardeft  fteel  re- 
tains it  for  many  years  with  little  or  no 
diminution ; whereas  very  foft  iron  lofes 
it  entirely  the  moment  it  is  removed  from 
the  influence  of  the  magnet ; the  other 
ferruginous  bodies  preferving  it  for  a lon- 

10  ger 
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ger  or  fhorter  time,  according  as  they' 
participate  more  of  the  nature  of  hard 
Heel,  or  of  that  of  foft  iron.  Hence  it  may 
be  deduced,  that,  in'general,  the  heft  method 
of  making  artificial  magnets,  confifts  in 
applying  one  or  more  powerful  magnets  to 
pieces  of  the  hardefl:  fleel,  becaufe  thofe 
pieces  will  thereby  acquire  a confiderable 
power,  and  will  retain  it  for  a long  time ; 
taking  care,  in  this  operation,  that  the  north 
pole  of  the  magnet  or  magnets  be  applied 
to  that  extremity  of  the  piece  of  fteel  which 
is  required  to  be  made  the  fouth  pole,  and 
that  the  fouth  pole  of  the  magnet  be  applied 
to  the  oppofite  extremity. — In  the  fame 
manner  as  a piece  of  Jfieel  or  iron  is  ren- 
dered magnetic,  a weak  magnet  may  be 
rendered  more  powerful,  or  its  power  may 
be  reftored  when  loft. 

It  is  evident,  that  in  this  method  the  ope- 
rator ftiould  have  one  or  more  magnets,  by 
the  application  of  which  the  ftcel,  or  other 
ferruginous  body,  may  be  rendered  magnet- 
ical  • therefore  it  may  be  alhed.  By  what 
means  is  magnetifm  originally  given,  to 
fuch  artificial  magnets  as  are  faid  to  have 

that 
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that  power  imparted  withfout  the  inter- 
ference of  any  magnet? — The  anfwer  to 
this  queftion  is,  that  no  magnetifm  at  all 
can  be  communicated  to  any  ferruginous 
body  whatever,  without  the  adlion  of  ano- 
ther magnet ; and  that,  in  the  method  vul- 
garly called,  of  giving  magnetifm  to  fteel, 
without  the  aid  of  a magnet,  the  begin- 
ning of  the  magnetic  power  is  communi- 
cated from  the  earth,  which  is  a real  mag- 
net; and  therefore  there  is  no  magnetifm 
communicated  but  by  the  action  of  another 
magnet. 

The  experiment  which  fhews  the  mag- 
netifm of  the  earth  in  the  cleareft  man- 
ner poffible,  and  by  which  means  the  be- 
ginning of  that  power  is  communicated  in 
the  above-mentioned  method,  is  the  fol- 
lowing : 

Take  a ftraight  bar  of  foft  iron  (one  of 
two  or  three  feet  in  length,  and  about  three 
quarters  of  an  inch  in  diameter,  will  an- 
fwer perfedlly  well),  and,  in  thefe  parts  of 
the  world,  if  you  keep  it  in  a vertical  poll-  • 
tion,  that  is,  with  one  end  A towards  the 
ground,  and  with  the  other  end  B upwards, 

you 
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you  will  find  that  the  b ar  is  magnetic ; 
the  extremity  A being  a north  pole,  capable 
of  repelling  the  north  pole  of  a magnetic 
needle,  and  the  upper  end  B being  a fouth 
pole,  capable  of  repelling  the  fouth  pole, 
and  of  attrafting  the  north  pole,  of  the 
magnetic  needle. — If  you  invert  the  bar, 
placing  it  with  the  extremity  B down- 
wards, its  polarity  will  be  inftantly  reverf- 
ed,  B becoming  the  north,  and  A the  fouth 
pole*.  The  explanation  of  this  curious 
phenomenon  is  eafily  deduced  from  the 
foregoing  obfervations ; for,  fince  in  thefe 
northern  parts  the  earth  is  pofleffed  of  a 
fouth  magnetic  polarity,  the  loweft  part  of 
the  iron  bar,  by  being  neareft  to  it,  muft 
acquire  the  contrary,  namely  the  north 
polarity;  the  other  extremity . of  the  bar 
becoming  a fouth  pole. 

It  follows  likewife  (and  it  is  confirmed 
by  adlual  experiment)  that  in  the  fouthern 
parts  of  the  earth  the  loweft  part  of  the  bar 

* An  iron  bar  of  four  or  five  feet  in  length,  and 
above  an  inch  thick,  in  this  fituation,  will  be  capable 
of  attracting  a fmall  bit  of  iron,  or  a common  fewing- 
needle. 
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acquires  the  fouth  polarity ; that  on  the 
equator  the  bar  muft  be  kept  horizontal, 
in  order  to  let  it  acquire  any  magnetifm 
from  the  earth  5 and  that,  even  in  thefe 
parts  of  the  earth,  the  mofl  advantageous 
lituation  of  the  bar  is  not  the  perpendi- 
cular, but  that  a little  inclined  to  the 
horizon.  In  fliort,  in  every  part  of  the 
world  it  mull  be  placed  in  the  magnet- 
ical  line,  viz.  in  the  direftion  of  the  dip- 
ping needle  If  the  iron  bar,  inllead  of 
being  kept  in  the  magnetical  line,  be 
placed  in  a diredlion  perpendicular  to  it, 
then  it  will  acquire  no  magnetifm,  becaulb 
in  that  lituation  the  ailions  of  both  poles  of 
the  earth  upon  each  extremity  of  the  bar 
are  equal.  If,  inllead  of  the  above-men- 
tioned two  directions,  the  bar  be  placed  in 
any  other  polition,  then  it  will  acquire 
more  or  lefs  magnetic  power,  according 
as  it  approaches  nearer  to  the  former 

or  to  the  latter  of  the  faid  two  direc- 
tions. 

A bar  of  hard  fteel,  or  of  hard  iron, 
does  not  acquire  any  magnetifm  from 

Sec  the  fifth  chapter  of  this  Part. 
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the  earth,  like  the  bar  of  foft  iron,  be- 
caufe  the  magnetic  power  of  the  earth 
is  weak,  in  proportion  to  that  which  is 
required  in  order  to  render  a fteel  bar 
magnetic.  ^ 

Having  thus  defcribed  the  general 
phenomena  of  communicated  magnetifm, 
we  muft  now  proceed  to  enumerate  the 
particular  laws,  which  have  been  afcer** 
tained  concerning  them. 

A magnet,  by  communicating  mag- 
netifm to  other  fubftances,  not  only  lofes 
nothing  of  its  power,  but  has  it  rather 
improved. 

A magnet  can  never  communicate  a 
•greater  power  than  itfelf  poffelfes,  or  even 
an  equal  degree  of  it  ^ but  feveral  mag- 
nets, of  nearly  an  equal  degree  of  mag- 
netifm, when  joined  together,  have  a 
ftronger  power  than  one  of  them  fingly ; 
hence,  in  order  to  impart  a ftrong  mag- 
netic power  to  a given  body  A,  by  means 
of  a weak  magnet  B,  one  muft  firfl:  render 
feveral  bodies  C,  D,  E,  F,  &c.  weakly 
magnetic,  and  then,  by  properly  joining 
C,  D,  E,  F,  &c,  together,  he  may  com- 
municate 
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humicate  to  another  body,  or  feveral  othet 
bodies,  a ftronger  magnetlfoi,  till,  at  lafl, 
he  will  be  able  to  communicate  to  A the 
required  degree  of  magnetic  power. 

It  is  almoft  fuperfluous  to  mention,  that 
when  the  ferruginous  body  is  applied  in 
contadl  with  the  magnet,  it  acquires  a 
jftronger  power  than  if  it  be  placed  at  fomc 
diftance  from  its  furface. 

When  a ferruginous  body  is  expofed 
to  the  influence  of  a magnet,  though  it 
acquires  the  greatefl:  part  of  the  power  at 
the  very  firfl;  perceptible  inftant ; yet,  ia 
order  to  acquire  the  utmoft  degree,  of 
which  that  body  may  be  capable,  it  mufl: 
remain  in  that  influence  for  a conliderable 
time.  Soft  iron  acquires  the  maximjam 
of  magnetic  power  very  readily ; but>  ac- 
cording as  the  nature  of  the  ferruginous 
body  is  harder,  fo  the  maximum  of  the 
power  is  communicated  flov/er. 

Agreeably  to  thofe  lav/s,  it  has  ffe-^ 
quently  been  obferved,  that  bars,  and  other 
pieces  of  iron,  by  having  remained  a long 
time  in  one  fituation,  have  become  mag- 

G netic* 
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netic  Sometimes  iron  bars,  which 
were  not  capable  of  a permanent  mag- 
jietifin  on  account  of  their  foftnefs,  have 
in  time,  and  by  being  left  expofed  to  the 
atmofphere  in  a due  lituation,  acquired  a 
eonliderable  degree  of  magnetifm ; but  it 
has  been  alfo  remarked,  that  thofe  bars 
have,  at  the  fame  time,  become  harder; 
which  is,  perhaps,  owing  to  a partial 
calcination,  or  to  fome  other  hitherto  un- 
afcertained  change  in  the  nature  of  the 
iron. 

The  polarity  thus  communicated  by  the 
earth  to  iron  bars,  is  more  or  lefs  permanent, 
ill  proportion  to  the  degree  of  hardnefs  of 
the  iron,  the  time  of  their  remaining  in  one 
fituation  (the  moft  proper  being  that  of 
the  dipping  needle),  and  laflly,  the  lhape 
of  the  iron,  or  the  proportion  between 
the  thicknefs  and  length  of  the  pieces.  ’ 

An  oblong  piece  of  iron  made  red  hot, 
and  then  left  to  cool  in  the  magnetical 

^ It  is  frequently  found  mentioned  in  books,  that 
fome  pieces  of  iron,  which  had  remained  in  one  fitua- 
tion  for  many  centuries,  were  become  as  ftrongly 
magnetic  as  good  natural  magnets. 

line. 
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line,  acquires  thereby  a degree  of  mag^ 
netifm>  which  is  more  or  lefs  permanent, 
according  to  the  nature  of  the  iron.  The 
reafon  of  which  is,  becaiife,  whilfl  red  hot, 
the  iron  is  foft,  and  therefore  the  earth 
can  render  it  magnetic  more  eaiily ; but, 
when  cooled,  it  becomes  harder,  ^nd  con- 
fequently  niore  tenacious  of  the  acquired 
power, 

In  drilling,  filingj  hammerings  and^  in 
fhort,  in  all  thofe  cafes  in  which  irons 
fleel,  &c.  is  put  into  violent  acSion,  fome 
of  the  pieces  concerned  frequently  acquire 
a confiderable  degree  of  magnetifnis  the 
origin  of  which  muft  be  derived  from  the 
earth,  and  from  the  changeable  nature  of 
the  metal,  or  the  viciffitudes  of  heat,  cold, 
and  vibratory  motion>  in  which  it  is  ac- 
cidentally puto 

% 

It  feems  that,  for  the  fame  reafons, 
magnetifm  is  in  certain  cafes  produced  by 
means  of  eledlricity ; the  particulars  ob- 
ferved,  concerning  which,  are  the  follow- 
ing, and  they  were  afcertained  by  means 
of  the  moft  powerful  eledlrical  machine 
that  has  been  yet  made,  — They  in  a 

G a ereat 
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great  meafure,  coincide  with  thofe  made 
with  other  machines. 

When  the  bar  or  needle  is  laid  horizon- 
tally  in  the  magnetic  meridian,  whichever 
way  the  (hock  of  an  electric  jar  or  battery 
enters,  the  end  of  the  bar  that  ftands 
towards  the  north  will  acquire  the  north 
polarity,  viz.  the  power  of • turning  to- 
wards the  north  when  freely  fufpended ; 
the  other  end  acquiring  the  fouth  polarity. 
If  the  bar,  before  it  receives  the  fhock, 

I 

has  fome  polarity,  and  is  placed  with  its 
poles  contrary  to  the  ufual  diredlion,  then 
its  original  polarity  is  always  diminifhed, 
and  often  reverfed. 

When  the  bar  or  needle  is  hruck  /land- 
ing perpendicularly  thefe  parts  of  the 
world,  its  lowed  end  becomes  the  north 
pole,  even  when  the  bar  had  fome  mag- 
netifm  before,  and  receives  the  fliock 
whilil  /landing  with  its  fouth  pole  down- 
wards. When  all  the  other  circumflan- 
ces  are  alike,  the  bars  /eem  to  acquire 
an  equal  degree  of  magnetic  power,  whe* 
ther  they  are  /Iruck  whilft  /landing  hori- 
zontally in  the  magnetic  meridian,  or  per-s 
pendicular  to' the  horizon. 
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When  a bar  or  needle  is  placed  in  the 
magnetic  equator,  the  (hock  fent  through 
its  length  very  feldom,  if  ever,  renders  it 
magnetic ; but  if  the  Ihock  be  palled 
through  its  width,  then  the  needle  be- 
comes magnetic,  the  extremity  of  it 
which  laid  towards  the  weft,  generally 
becoming  the  north  pole. 

If  a needle  or  bar  ftrongly  magnetic, 
or  a natural  magnet,  be  ftruck  by  the  elec- 
tric {hock,  its  power  is  thereby  dimi- 
nilhed. 

When  the  fliock  is  too  ftrong,  with  re- 
fpecft  to  the  fize  of  the  fteel  needle,  fo  as 
to  render  it  conliderably  hot,  then  it  ac- 
quires either  none  at  all,  or  a very  fmall 
degree  of  magnetifm 

f « 

Hence,  a ftroke  of  lightning,  which  is 
an  eledtrical  phenomenon,  often  renders 
magnetic  pieces  of  iron,  of  fteel,  or  thofe 

^ ‘For  thofe  experiments,  the  bars  or  needles  mufl; 
be  proportioned  to  the  degree  of  eled^ric  power;  other- 
wife,  they  will  not  fucceed.  See  Van  Marum’s  ac- 
count of  a very  powerful  eledfrical  machine,  con- 
flrudled  for  the  Mufeum  of  Teyler  at  Harlern  ; and  my 
Xi'eatifcon  Eledtricity,  vol.i.  p.  66.  and  vol.  ii.  p.  282. 

G 2 bodies 
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bodies  which  contaia  iron,  as  certain 
hricks,  &c. 

If  one  pole  of  a magnet,  for  inftancc 
the  north,  be  applied  to  one  end  C of  an 
oblong  piece  of  iron  or  ftee],  like  C Dj, 
fig.  3d  of  plate  I.  that  end  C will  become 
a fouth  pole;  and  if  the  bar  C D be  very 
long,  there  will  be  found  a part  of  it,  not 
far  diftant  from  C,  which  is  poflefied  of 
the  north  polarity ; and  this  is  followed 
by  another  part,  poflelTed  of  the  fouth 
polarity  ; and  fo  on  alternately,  till  the 
power  becomes  imperceptible;,  the  numr 
ber  of  thofe  fucceffive  poles  depend- 
ing upon  the  ftrength,  and  principally 
ttpon  the  length  of  the  bar ; but  if  the 
bar  be  of  a proper  length  and  thicknefs, 
which  rnuft  be  likewife  proportioned  to 

I 

the  ftrength  of  the  magnet  employed^ 
then  the  bar  will  have  only  two  poles,  its 
other  extremity  D acquiring  the  north 
polarity. 

In  the  latter  cafe,  if  that  pole  of  the 
magnet  be  gradually  moved  along  the  fur- 
face  of  the  bar  from  C as  far  as  D,  it  will 

afterwards 
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afterwards  be  found,  that  the  polarity  of 
the  bar  is  entirely  changed,  the  extremity 
C being  now  poflefled  of  the  north,  and 
the  extremity  D of  the  fouth.  polarity. 

It  is  evident,  that,  whilft  the  magnet  is 
advancing  along  the  furface  of  the  bar, 
the  fouth  polarity  of  the  end  C,  before  it 
changes  into  a north  polarity,  mufl  de- 
crbafe  in  ftrength ; and  that  when  the 
magnet  is  at  a certain  point  M,  the  end 
C has  no  polarity  at  all  ; its  fouth  polarity 
being  juft  vanifhing,  and  the  north  pola- 
rity juft  beginning.  With  refpedt  to  the 
extremity  D,  it  muft  be  obferved,  that 
its  north  polarity,  by  the  approach  of  the 
magnet,  is  increafed  as  far  as  a certain 
limit  H ; after  which,  as  the  magnet 
comes  ftill  nearer  to  D,  the  north  po- 
larity of  this  extremity  decreafes,  till  it 
vanilhes  when  the  magnet  is  arrived  at 
a certain  point  N ; after  which  its  north 
polarity  begins  to  be  changed  into  a fouth 
one. 

The  points  M and  N have  been  called 
the  points  of  indifference  -y  becaufe,  when  the 
magnet  is  at  M,  the  extremity  C of  the 
bar  has  neither  the  fouth  nor  the  north 
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polarity ; and  when  the  magnet  is  at 
the  end  D has  no  polarity.  The  point  H 
has  been  called  the  culminating  pointy  be- 
caufe,  when  the  magnet  is  at  that  pointy 
the  polarity  firfl  acquired  by  the  end  D of 
the  bar  is  the  ftrongeft. 

As  the  determination  of  thofe  points,  ir^ 
bars  of  different  forts  of  iron,  of  different 
lengths,  &c.  not  only  fliews  more  evi- 
dently the  adlion  of  the  magnet,  and  points 
out  the  advantages  and  difadvantages  at- 
tending the  pradtical  methods  of  making 
artificial  magnets^  but  is  befldes  likely  to 
open  the  way  to  farther  difcoveries  ; there 
have  been  no  pains  fpared  to  inveftigate 

the  particulars  on  which  their  fituation 

\ 

depends,  and  a vaft  number  of  accurate 
experiments  have  been  made  for  that  pur^ 
pofe  \ but,  notwithifanding  thofe  endea- 
vours^ fuch  is  the  various  nature  of  magr 
nets,  of  iron,  &c.  that  the  prefent  know-^ 
ledge  of  the  fubjedl  does  not  allow  thofe 
points  to  be  determined,  in  a given  bar, 
without  adipal  experiments.  — The  ge- 
neral laws  which  may  be  deduced  from 
the  various  experiments  made  for  this  pur- 
pofe,  are  the  following  ; 


I.  The 
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1.  The  points  M,  H,  and  N do  not 
come  always  in  the  order  fhewn  by  the 
figure;  but,  though  their  order  is  not 
always  the  fame,  yet  it  is  evident  that 
the  point  II  can  never  coincide  with,  or 
come  after  N,  nearer  to  the  end  Di> 
than  the  point  N, 

2.  When  the  bars  differ  in  length  only, 
every  thing  elfe  being  the  fame,  the  longer 
the  bar  is  (as  far  as  a certain  limit,  which 
depends  on  the  ffrength  of  the  magnet  em- 
ployed) the  greater  is  the  diftance  C M. 

3.  The  flronger  the  magnet  is,  which 
is  employed,  the  greater  is  the  diftance 
C M,  as  far  as  a certain  limit,  Vvhich  de- 
pends upon  the  proportion  between  the 
power  of  the  magnet  and  the  length  of 
the  bar ; and  beyond  which  limit  C M 
%yill  be  fhorter  than  if  a weaker  magnet 
had  been  ufed. 

4.  When  the  bars  differ  In  length  on^ 
ly,  every  thing  elfe  being  the  fame,  the 
diftance  C H is  greater  in  a longer  than  in 
a fhorter  bar,  as  far  as  a certain  limit, 
vvhich  depends  as  has  been  mentioned 
gbove. 
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5.  The  ftronger  the  magnet  is  which  is 
ufed,  the  greater  is  the  diftance  C tL 
far  as  a certain  limit,  which  depends  as 
above. 

6.  In  a longer  bar,  every  thing  elfe  be- 
ing the  fame,  the  diftance  C N is  greater 
than  in  a fhorter  one,  as  far  as  a certain 
limit,  &c. 

7.  The  diftance  C N,  in  bars  of  equal 
length,  is  greater,  when  a ftronger  than 
when  a weaker  magnet  is  ufed,  as  far  as  a 
certain  limit,  &c. 

8.  When  the  bars  differ  only  in  thick-, 
nefs,  every  thing  elfe  being  the  fame,  the 
diftance  C M is  greater  in  thicker  than  in 
thinner  bars ; but  the  diftance  C N is  near-' 
ly  the  fame  in  them  all,  as  far  as  a limit, 
which  depends  as  above-mentioned. 

9.  Laftly,  when  the  bars  differ  only  in 
hardnefs,  the  diftances  C M,  C H,  C N, ' 
are  fometimes  equal,  fometimes  greater, 
and  fometimes  fhorter,  in  the  harder  than 
in  the  fofter  bars 

Befides  the  points  'of  indifference  and 
culmination,  there  is  another  point  to  be 

^ See  Van  Swinden’s  T^entamina  theoria  maihema- 
tica  de  phanomenis  magneiuis* 

confidered, 
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confidered,  namely,  the  magnetic  centre, 
which  is  the  point  or  part  between  the 
two  poles,  where  the  magnet  has  no  at- 
tradlion  nor  repulfion.  With  refpedl  to 
this  point,  I ihall  briefly  obferve,  that  it 
does  not  always  lie  midway  between  the 
two  poles ; and  that,  when  one  pole  of  a 
magnet  is  drawn  over  the  furface  of  an 
oblong  piece  of  iron,  as  in  the  above-men- 
tioned experiment,  the  magnetic  centre 
moves  forwards  in  proportion  as  the  mag- 
net Is  advanced  ; but  at  a certain  limit  both 
the  magnet  and  the  faid  centre  are  In  the 
fame  place,  or  rather  in  oppoflte  fides  of 
the  thicknefs  of  the  bar.  The  motion  and 
place  of  the  magnetic  centre  are  fubjedl  to 
a great  deal  of  .variety,  arifing  from  the 
nature,  length,  and  thicknefs  of  the  bar,  as 
well  as  from  the  llrength  of  the  magnet, 
and  from  the  manner  of  drawing  it  along 
the  furface  of  the  iron  or  other  ferrugi- 
nous body. 

When  any  magnet,  but  efpecially  an  ob-  • 
long  one,  having  two  poles.  Is  broke  in  two, 
the  magnetic  centre  of  each  part  is  at  firfl: 
generally  much  nearer  that. end  of  the  piece 
9 which 
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which  is  contiguous  to  the  fradure;  but 
in  time  it  advances  nearer  the  centre  of 
the  piece. 

What  has  been  obferved  concerning  ob- 
long pieces  of  iron  or  fteel,  may  ferve  to 
explain  the  phenomena  which  take  place 
in  pieces  of  an  irregular  form  ; the  parti- 
cular enumeration  of  all  which  cafes  would 
be  endlefs,  and  of  little  if  at  all  of  any 
ufe. 

Every  piece  of  iron  or  ferruginous  body 
is  capable  of  retaining  only  a certain  de- 
gree of  magnetic  power  ; fo  that  if  a ftrong 
magnet  be  applied  to  a comparatively  fmail 
piece  of  fteel,  that  piece,  whilft  it  remains 
within  the  influence  of  the  magnet,  will 
appear  to  be  very  powerfully  magnetic; 
but  as  foon  as  it  is  removed  from  the  vici- 
nity of  the  magnet,  its  power  begins  to 
decreafe,  and  in  a fliort  time  comes  down 
to  that  degree  which  the  piece  of  fteel  is 
capable  of,  and  which  may  be  called  its 
point  of  fat  ur  at  ion.  Hence  it  follows,  that 
if  a certain  magnet  is  juft  fuflicient  to  com- 
municate to  a piece  of  iron  or  fteel  the  full 
power  of  magnetifm,  of  which  that  piece 

is 
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is  capable,  a ftronger  magnet  will  not  ia- 
creafe  it.  in  the  leaft. 

Ithas  been  long  difputed,  v/hetherapiecc 

> 

of  iron  or  fteel  was  rendered  heavier  or 
lighter  being  made  magnetic;  but,  upon 
the  whole,  it  feems  that  its  v/eight  is  not 
ftffe<3:ed  by  it 

As  a piece  of  iron  or  flee],  &c.  often 
acquires  magnetifm  only  by  Handing  in  a 
proper  fituation  ; fo,  on  the  contrary, 
magnets  may  lofe  much  or  the  whole  of 
their  power  by  being  improperly  lituated  ; 
for,  thefameacHion  of  the  earth  which  tends 
to  render  them  magnetic  in  the  former, 
will  endeavour  to  deftroy  it  in  the  latter. 

The  fame  thing  mull  be  underflood  of  the 

/ 

* Gafiendus,  Merfennus,  and  Gilbert,  maintain 
that  the  weight  of  needles  is  not  altered  by  being  made 
magnetic.  Mr.  Whiilon  fays  he  found,  by  accurate 
experiments,  that  a piece  of  fteel,  weighing  4584  i 
grains,  loft  2|  grains ; and  another,  which  weighed 
^572^  grains,  loft  14  grains,  by  being  made  magnetic. 
With  other  perfons,  magnetifm  feems  to  have  increafed 
the  weight  of  fteel. — But  it  is  very  probable  that  the 
vicinity  or  iron,  or  of  fome  other  ferruginous  body, 
might  have  had  fome  action  on  the  magnetic  fteel 
when  it  was  weighed. 


fituation 
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(ituation  of  magnets  with  refpedt  to  cacll 
other.  Thus,  if  two  magnets  be  placed  fo 
that  their  contrary  poles  may  be  contiguous 
to  each  other,  they  will  preferve  one  ano- 
ther’s power;  but  if  the  north  pole  of  one 
be  placed  near  the  north  pole  of  the  other* 
and  the  fouth  near  the  fouth,  then  they 
\¥ill  entirely  deflroy  or  diminifh  each  other’s 
magnetifm  ; and  if  their  original  powers 
were  very  unequal,  the  polarity  of  the 
\yeaker  magnet  will'  be  changed  by  the 
aftion  of  the  ftronger  one. 

In  general,  the  fame  means,  which  faci- 
litate the  communication  of  magnetifmi 
when  pieces  of  iron,  &c.  are  properly  fitu- 
ated  with  refpedt  to  the  poles  of  the  earth* 
or  of  other  magnets,  will  likewife  facilitate 
the  lofs  of  magnetifm,  when  the  magnets 
are  improperly  fituated ; thus,  a red  heat 
deftroys  in  a great  meafure,  or  entirely* 
the  power  of  a magnet.  A fteel  bar* 
ftrongly  magnetic*  will  have  its  pow- 
er much  diminifhed  by  being  repeatedly 
flruck  between  two  ftones,efpecially  ifit  be 
ftruck  ftanding  in  a direction  perpendica*^ 

lar 
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lar  to  the  magnetic  meridian.  A bar  of 
pretty  hard  iron,  which  has  acquired  fome 
degree  of  permanent  magnetifm,  by  being 
made  red  hot,  and  then  cooled  in  the  di- 
rection of  the  magnetical  line,  will  have 
that  power  deftroyed,  or  much  diminiflied, 
by  a few  fmart  blov/s  on  Its  middle. 

We  lliall  now  conclude  this  chapter  with 
nn  enumeration  of  thofe  particulars  which 
are  principally  neceffary  to  be  kept  in  view, 
in  order  to  afcertain  the  bell  method  of 
conftructing  artificial  magnets;  referving 
the  practical  inlbructions  for  the  third ' 
Part. 

1.  The  nature  of  the  body  muft  be 
adapted  to  the  power  which  is  to  render  it 
magnetic ; remembering,  that  the  foft  fer- 
ruginous bodies  both  acquire  and  lofe 
magnetifm  eafier  than  thofe  which  are' 
harder. 

2.  The  fhape  of  the  bodies  is  to  be  con- 
fidered  next,  experience  fhewing  that  an 
oblong  one  is  in  general  preferable  to  any 
other.  In  cafe  of  fteei  bars,  they  ought  to 
be  quite  hard,  in  order  to  acquire  the  great- 
eft  polTible  power,  provided  one  has  mag- 


neto 
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nets  fufficiently  ftrong  for  the  purpofe  j 

« 

and  if  cylindrical,  their  diameters  ought  to 
be  about  f^th  of  their  length;  or  if  not 
cylindrical,  their  thickneffes  ought  to  be 
fuch  as  nearly  to  equal  the  weight  of 
the  cylindrical  bars  of  the  fame  length, 
and  the  diameter  of  which  may  be  about 
Tyth  of  their  lengths. 

3.  Several  magnets  are  much  preferable 
to  a lingle  one,  for  the  purpofe  of  commu- 
nicating magnetifm  ; in  the  application  of 
whicli,  it  mufl  be  remembered,  that  the 
fouth  pole  of  the  magnet  produces  a north 
pole  in  the  part  of  the  ferruginous  body  to 
which  it  is  applied,  and  that  the  north  pole 
of  the  magnet  produces  a fouth  pole  in 
the  part,  &c. 

4.  If  it  were  required  to  conflrudl  a 
ftrong  magnet,  when  the  operator  has  ei- 
ther no  magnet  at  all,  or  a very  weak  one ; 
he  muft  proceed  gradually.  It  being  im- 
poffible  for  a hard  and  large  fteel  bar  to 
receive  any  fenfible  degree  of  magnetifm 
from  the  adtion  of  the  earth,  or  of  any  other 
weak  magnet,  the  operator  muft  begin 

with 
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with  giving  magnetifm  to  feveral  fmall 
and  foft  fteel  bars,  impregnating  one 
at  a time  by  means  of  the  weak  magnet. 
Or,  if  he  have  no  magnet,  by  means  of  one 
or  more  iron  rods  properly  fituated,  which 
in  that  cafe  are  real,  though  weak  magnets. 
Then,  by.  joining  in  a proper  manner  the 
fmall  fteel  bars  already  made  magnetic, 
he  may  communicate  a ftronger  power 
to  larger  and  harder  fteel  bars ; which 
will  be  capable  of  impregnating  bars 
ftill  larger;  and  fo  on. 


CHAPTER  Vlir. 
Promifeuous  obfervations . 

The  diredlive  power  of  a magnet  is 
extended  to  a greater  diftance  than 
its  attradtive  power;  for  inftance,  if  a 
magnet  be  freely  fufpended,  another  mag- 
net, properly  fituated  within  a certain  dif- 

H 
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tance  of  the  former,  will  turn  it  out  of  its 
'wonted  direction  ; yet  the  degree  of  at- 
tradtion  exerted  by  thofe  magnets  againffc 
each  other,  is  not  fenfible  at  that  diftance^ 
which  may  be  eafily  tried,  by  fixing  one 
of  the  magnets  to  the  fcale  of  a ba- 
lance, The  reafon  of  this  property  is, 
that  the  diredlive  power  depends  both  upon 
the  attradlion  of  the  poles  of  different 
names,  and  on  the  repulfion  of  thofe  of 
the  fame  name  ,*  whereas  the  attradfion 
takes  place  only  between  poles  of  diffe- 
rcnf  names. — In  order  to  render  this  ex- 
planation more  intelligible,  imagine  that 
a magnetic  needle  is  freely  fufpended,  and 
is  placed  within  the  influence  or  fphere 
of  adlion  of  a magnet.  In  this  difpofition;^ 
fuppofe  that  the  north  pole  of  the  mag- 
net attradls  the  fouth  pole  of  the  magnetic 
needle  with  a force  equal  to  ten  grains; 
and,  as  the  attradfion  between  poles  of  diL 
ferent  names  is  nearly  equal  to  the  repul- 
fion between  poles  of  the  fame  name,  it 
follows,  that  the  f\me  north  pole  of  the 
magnet  repels  the  north  pole  of  the  mag- 
netic needle  with  a force  equal  to  ten 

grains ; 
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o-rains ; but  thofe  two  forces  both  concur 

iD 

in  altering  the  diredion  of  the  needle ; 
therefore,  the  endeavour  of  the  magnet,  to 
turn  the  needle’s  diredtion,  is  equal  to  20 
nrains  : whereas  the  attradlion,  or  the 

O ■' 

force  by  which  the  needle  is  drawn  to- 
wards the  magnet,  is  only  equal  to  the  dif- 
ference between  the  two  above-mentioned 
oppofite  forces,  which  difference  arifes 
from  the  pole  of  the  magnet  being  nearer 
to  one  than  to  the  other  of  the  poles  of 
the  needle. — The  fame  reafoning  may  be 
applied  to  the  adlion  between  the  fouth 
pole  of  the  magnet  and  the  fufpended 
needle. 

It  has  been  afferted  by  various  authors, 
that  if  a ihort  bar  of  foft  fteel  be  repeat- 
edly ftroked  from  end  to  end,  in  any  fitua- 
tion,  by  a fufficiently  long  iron  bar,  like- 
wife  kept  in  any  fituation,  the  fteel  bar 
will  thereby  acquire  a conftderable  degree 
of  magnetifm  : from  which  it  might  per- 
haps be  inferred,  that  there  is  no  necefiity 
of  deriving  the  origin  of  magnetifm  from 
the  earth.  But  an  accurate  inveftigatiou 
of  this  pretended  fad  has  ftiewn,  that  the 

II  2 • fteel 
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fleel  bar  will  not  acquire  m^ignetifm  in 
every  fituation.  Indeed,  as  the  bar  of 
iron  is  rendered  more  or  lefs  magnetic  by 
the  earth  in  every  fituation,  except  that 
which  is  perpendicular  to  the  magnetical 
line  ; in  a random  way  of  making  the  ex- 
periment, it  is  almoft  impoflible  to  keep 
the  bar  fo  near  that  direction  as  to  acquire 
no  magnetifm  at  all  from  the  earth  ^ but 
if,  in  rubbing  the  ft  eel  bar,  the  iron  one.  be 
kept  in  a fituation  nearly  perpendicular  to 
that  of  the  magnetical  line,  then  the  fteel 
will  acquire  no  magnetifm  at  all.  Befides, 
when  the  iron  bar  is  kept  in  any  fituation, 
-the  degree  of  magnetifm  which  it  commu- 
nicates to  the  bar  is  greater  or  lefs  in  pro- 
portion as  the  diredlion  of  the  bar  is  nearer 
to  or  farther  from  that  of  the  magnetical 
line ; which  proves,  beyond  a doubt,  that 
the  communicated  magnetifm  is  originally 
derived  from  the  earth. 

Thus  far,  relating  to  the  laws  of  mag- 
netifm, feems  fufficient  to  be  inferted  in 
th  is  Part  of  the  prefent  work;  and  though 
there  are  feveral  other  particulars  necelfary 
to  be  known,  yet,  as  they  either  relate  to 

the 
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the  pradlical  part,  or  cannot  be  eafily  un- 
derftood  without  the  defcription  of  other  ‘ 
experiments,  fo  they  will  be  inferted  in 
other  places,  which  are  more  adapted  to 
their  reception.  I fhall,  therefore,  con- 
clude this  Part  with  removing  fqme 
wrong  notions  relating  to  magnetifm, 
which  have  been  introduced  by  ignorance 
^nd  impofition. 

The  impoftors,  who  are  always  ready  to 
feize  every  opportunity  of  defrauding  the 
reft  of  mankind,  and  the  ignorant,  who  are 
always  fond  of  myftcries,  have,  from  time 
immemorial,  attributed  feveral  extraordi- 
nary properties  to  the  magnet,  which  are 
not  only  repugnant  to  reafon,  but  are  ac- 
tually contradicted  by  all  the  experiments 
which  have  been  made,  and  may  be  re- 
peated by  intelligent  and  impartial  per- 
fons. 

It  was  formerly  believed,  that  there 
exifted  feveral  forts  of  magnets,  fome  of 
which  attracted  gold,  others  attracted  fle£h, 
&c. ; but  even  very  lately  it  was  believed, 
by  ignorant  people,  that  there  was  a white 
loadftone,  which  had  the  property  of  at- 
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102  Laws  of  Magnetism. 

, trailing  flefli  : the  origin  of  which  error 
is,  that  there  are  feveral  minerals  of  an 
earthy  kind,  moftlyargillaceoua,  which  ab- 
forb  moifture  very  fall: ; in  confequence  of 
which,  if  they  be  put  upon  the  lips,  they 
will  adhere  to  it  with  foine  degree  of 
force. 

A great  deal  of  confufion  in  the  fciencc 
of  magnetifm  has  been  alfo  occafioned  by 
the  application  of  the  word  ?nagnetifm  to 
other  things,  which  had  nothing  to  do 
with  it.  The  chymical  affinity  between 
metals,  has  been  called  the  magnetifm  of 
metals,  by  fome  old  authors.  The  vibra- 
tion occafioned  by  the  found  of  mufical 
firings  or  pipes,  upon  others  which  were 
tuned  in  concord  to  them,  has  been  alfo 
called  the  magnetifm  of  mufic.  We  hear 
likewife  of  the  magnetifm  of  aflronomy, 
the  magnetifm  of  water,  &c. 

But  the  greateft  abfurdities  relating  to  the 
magnet  are,  its  pretended  medicinal  pro- 
perties. As  late  as  the  beginning  of  the 
lad:  century,  it  was. pretty  commonly  be- 
lieved, that  a plaifter  made  with  powdered 
loadftone,  when  applied  to  wounds,  would 

extradl 
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cxtradl  iron,  or  even  a knife,  from  the' 
human  body  — It  was  faid,  that  thechy- 
mifts  could  extrad:  an  oil  of  wonderful 
efficacy  from  the  magnet,-  befides  feveral 
other  preparations.  Even  at  prefent  it  is 
not  unufual  to  find  people  who  believe, 
that  the  application  of  the  magnet  cures 
the  tooth-ach,  eafes  the  pains  of  partu- 
rient women,  difperfes  white  fwellings, 
&c.;  and, on  the  contrary,  that  the  wounds 
made  with  a knife,  or  other  fteel  inftru- 
ment,  which  has  been  previoufly  rubbed 
with  a magnet,  are  mortal. 

Without  detaining  the  reader  any  longer 
with  the  narration  of  more  abfurdities,  I 
fliall  only  obferve,  that  authentic  fads 
prove  none  of  thofe  pretended  medicinal 
or  poifonous  qualities  in  the  magnet  5 and, 
as  magnetifm  does  not  affed  the  fmell, 
the  tafte,  or  any  other  fenfe  of  the  body, 
it  is  improbable,  to  the  greatefl:  degree, 
that  it  jfhould  have  any  effed  upon  animal 

* Kircher,  who  was  hlmfelf  of  the  contrary  opi- 
nion, relates  feveral  fuch  ftories.  See  his  work  de 
arte  magnetica^  lib.  iii,  chap,  ii, 
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bodies.  For  though  there  are  particles  of 
iron  in  alrnoft  every  part  of  an  animal 
body,  yet  thofe  particles  are  fo  fubdi^ 
vided,  calcined,  and  bear  fo  fmall  a pro-- 
portion  to  the  other  elements,  that,  in  a 
natural  ftate,  the  magnet  has  no  adlion  on 
them. 


PART 
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PART  II. 

THEORY  OF  MAGNETISM. 

I 


TH  E attraftion  of  the  magnet,  and 
very  likely  moft  of  its  other  princi- 
pal properties,  have  been  noticed  and  ad- 
mired from  time  immemorial;  but  the 
caufe  of  thofe  furpriling  properties  has 
eluded  the  moft  accurate  refearches  of  very 
able  philofophers.  Various  theories  have 
been  framed  for  their  explanation,  and  many 
conjedlures  have  been  derived  from  other 
powers  of  nature,  which  were  in  fome  mea- 
fure  analogous  to  magnetifm  ; but  there  is 
. a wide  difference  between  matter  of  fail 
and  the  offspring  of  the  imagination.  The 
former  is  inveftigated  and  acquired  with 
labour,  and  rewards  the  induflry  of  the 
fearcher ; the  latter  often  fhews  the 

weaknefs 
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weaknefs  of  human  underftanding,  and 
mifleads  the  blind  follower. 

Neverthelefs,  the  framing’ of  hypothcfes 
in  explanation  of  natural  phenomena,  has 
been  of  fome  ufe  in  philofophy,  fince 
they  have  at  leaf!  promoted  the  experimen- 
tal enquiry,  either  for  their  fupport  or  for 
their  deftrudtion  ; the  diftinguifhing  cha- 
rafteriflics  between  a falfe  hypothelis,  and  a 
'true,  or  very  probable  one,  being,  that  by 
farther  and  farther  examination,  the  fuf- 
ficiency  of  the  latter,  in  explaining  the 
natural  appearances,  becomes  conftantly 
more  evident,  whereas  the  abfurdity  of  the 
former  is  rendered  more  manifeft.  It  is 
therefore  ufeful,  after  having  afeertained  a 
number  of  fadts  or  laws  of  nature,  to  at- 
tempt a theory  for  their  explanation,  ef- 
pecially  becaufe,  when  fuch  theory,  viz. 
the  real  caufe,  is  once  eflabliflied,  the  appli- 
cation of  its  effedts  becomes  more  eafy  and 

t 

general.  But  every  enquirer  into  the  opera-  . 
tions  of  nature  ought  to  be  ferioufly  warn- 
ed againll:  becoming  too  fond  of  any  hy- 
pothelis, even  when  it  feems  to  have  the 
greateft  degixe  of  probability. 
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In  conformity  to  thofe  obfervations,  the 

reader  muft  not  exped  to  find,  in  this  Part 

of  the  prefent  work,  a particular  account  of 

all,  or  even  of  the  principal  hypothefes  that 

have  been  publiflied  at  different  times  by. 

diver  sauthors.  I fhall  only  mention,  in 

brief,  what  feems  to  be  more  probable, 

or  what  may  le^d  to  a farther  inveftigatloa 
( 

^f  the  fubjed: ; and  muft  then  refer  thofe, 
who  are  defirous  of  examining  other 
hypothefes,  to  the  various  books  written 
on  magnetifm. 


CHAPTER  L 

Of  the  magnet  if m of  the  earths 

TH  E hypothefis  of  the  earth’s  being 
a great  magnet^  from  which  the 
magnetifm  of  the  ufual  magnets,  the  di- 
redion  of  the  magnetic-needle,  &c.  muft 
be  derived,  is  evinced  by  fo  many  obferva- 
tions,  that  there  can  hardly  be  a philofo- 
6 pher 
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phcr  fceptic  enough  to  doubt  of  its  truth. 
The  principal  realbns  which  prove  it,  al- 
moft  to  a demonftration,  are,  firll,  that  al- 
moft  all  the  phenomena  which  may  be  ex- 
hibited with  a ufual  magnet,  may  be  alfo 
exhibited  with  the  earth,  as  far  as  it  may 
be  tried ^ and,  fecondly,  that  vaft  malles  of 
iron,  or  ferruginous  fubftance,  adlually 
magnetic,  are  dug  out  of  the  earth  almoft 
in  every  part  of  it. 

The  phenomena  of  the  compafs,  and  of 
the  dipping-needle,  in  different  parts  of 
the  world,  and  the  magnetifm  naturally  ac- 
quired by  foft  iron  when  properly  fituated, 
are  exadly  imitated  by  a common  magnet 
or  a terrella  ^ but  the  only  phenomenon, 
which  has  not  been  obferved  with  refpedt 
to  the  earth,  and  which  is  the  principal 
property  of  the  ufual  magnets,  is  the  at- 
traction of  a piece  of  iron,  or  other  ferru- 
ginous fubftance.  For  inftance,  if  a piece 
of  iron  be  prefented  to  either  of  the  poles  of 
a common  magnet,  it  will  be  attracted 
powerfully  by  it ; but  if  it  be  prefented  to 
the  middle  of  the  magnet,  the  attraition 
will  be  found  to  be  hardly  perceivable,  or  at 

leaft 


Theory  of  Magnetism.  109 

Icaft  incomparably  weaker  than  at  the 
poles ; in  conformity  to  which,  it  might 
be  expected,  that  a piece  of  iron  fhould  be  , 
attracted  more  powerfully  downwards  when 
near  the  poles  of  the  earth  than  when  near 
the  equator,  which  attraftion,  being  com- 
bined with  the  attradlion  of  gravitation, 
ought  to  be  known  by  the  difference  of  the 
weights  of  the  fame  piece  of  iron,  when 
weighed  near  the  poles,  and  when  weighed 
near  the  equator;  for,  if  the  magnetic  attrac- 
tion of  the  earth  upon  it  be  at  all  fenfible,  it 
ought  to  weigh  more  in  the  former  cafe 
than  in  the  latter.  But  this  difference  of 
weights  has  not  yet  been  afcertained ; 
however,  if  it  were  to  be  tried  with  all  the 
accuracy  neceffary  for  fo  nice  an  experiment, 

I am  inclined  to  think  that  it  would  be 
found  to  anfwer,  viz.  that  the  fame  piece 
of  iron  would  be  found  to  weigh  fomewhat 
more,  in  places  nearer  to  the  poles,  than 
it  does  nearer  to  the  equator;  but  even, 
in  cafe  no  fuch  difference  of  weights 
were  obferved,  it  would  be  improper  to 
infer  that  the  earth  does  not  exert  any 
magnetic  attraiUon  towards  the  iron  on  its 

furface^ 
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furfacc,  and  that  this  attraftion  is  not  ftron«* 
ger  near  the  poles  than  near  the  equator  5 
becaufe,  firft,  the  magnetifm  of  the  earth 
being  very  weak,  the  difference  of  the  at- 
traftion  in  different  places  muff  be  like- 
wife  very  fmall,  notwithflanding  the  di- 
redlive  power  is  confiderably  ftrong;  for, 
as  was  explained  in  the  preceding  Part, 
the  latter  of  thofe  powers  extends  to  a 
much  greater  diftance  than-  the  former. 
And,  fecondly,  it  muff  be  confidered, 
that  the  equatorial  diameter  of  the  earth 
is  longer  than  its  polar  diameter,  and  that 
the  attradfion  of  gravitation,  or  the  weight 
of  bodies,  decreafes  in  proportion  to  the 
fquares  of  the  diflances  from  the  centre  of 
the  earth ; in  confequence  of  which,  if 
we  abffradt  the  magnetic  attradfion,  and 
confider  only  the  attradfion  of  gravitation, 
it  will  appear,  that  the  piece  of  iron 
muff  weigh  more  when  weighed  near  the 
poles  than  when  weighed  near  the  equator ; 
namely,  becaufe,  when  near  the  poles,  it 
hands  adlually  nearer  the  centre  of  the 
earth  than  when  near  the  equator. 

If  the  magnetic  needle  pointed  always  due 
* north 
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north  and  fouth,  or  always  within  a certain 
diftance  of  thofe  points,  it  would  fhow 
that  the  earth  has  two  fixed  magnetic 
poles,  either  coinciding  with  its  aftronomi- 
cal  poles,  or  at  fome  diftance  from  the 
fame;  but  the  continual  variation  of  the 
magnetic  needle  fhows,  that  thofe  magne- 
tic poles  of  the  earth  move  with  re- 
fped  to  the  furface  of  the  earth,  and,  on 
this  account,  many  fuppofitions  have  been 
olfered  to  the  public  by  divers  ingenious 
perfons.  It  was  Imagined,  that  there  was 
a large  magnet  inclofed  within  the  body 
of  the  earth,  which  being  not  fixed  to  the 
external  part,^  moved  with  refpe£l  to  it, 
and,  confequently,  occafioned  the  variation 
of  the  needle;  but  in  this  cafe  the  va- 
riation ought  to  be  regular,  mz.  it  ought 
to  move  in  all  parts  of  the  world,  fo  as  to 
anfwer  to  the  two  points  of  the  large  inter- 
nal magnet ; which,  however,  is  not  the 
cafe. 

In  order  to  fupply  the  deficiency  of 
this  hypothefis,  it  was  farther  imagined, 
that  there  were  four  magnetic  poles  with- 


in 
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in  the  earth,  Vv^hich  were  moveable  with 
refped:  to  each  other,  and  that,  therefore, 
the  variation  of  the  needle  ought  to  be 
derived  from  all  their  adtions  conjointly; 
which  would  render  the  theory  of  the 
variation  exceedingly  intricate  : but,  not- 
withftanding  this  difficulty,  a regularity, 
within  certain  laws  and  limits,  ought  to 
be  ftill  obfervable  refpefting  the  varia- 

I 

tion  ; but  no  fuch  regularity  has  been  yet 
proved.  In  lliort,  without  detaining  my 
reader  any  longer  on  this  point,  it  will 
fuffice  to  fay,  that  no  theory  yet  offered 
has  been  fufficient  to  foretel,  with  cer- 
tainty, the  variation  of  the  needle  for  any 
future  period  of  time,  or  for  any  place 
diftant  from  thofe  in  which  obfervations 
have  been  frequently  made. 

It  is  now  proper  to  give  a fhort  account 
of  the  principal  variation  charts  that  have 
been  publiffied,  viz.  that  of  Dr.  Edmund 
Halley,  which  was  formed  upon  the  ob- 
fervations made  in  the  beginning  of  the 
prefent  century;  and  the  other  chart,  form- 
ed by  Meffrs,  Mountaine.  and  Dodfon, 

upon 
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upon  the  obfervations  made  in  the  courfe 
of  the  year  1756 

The  method  ufed  in  the  conftrudlioa 
of  thofe  charts  is,  to  mark  down  with 
dots,  on  a general  map  of  the  world,  all 
the  places  in  which  the  declination  of  the 
magnetic  needle  has  been  afcertained,  and 
then  to  draw  lines  through  thofe  points, 
obferving  to  let  the  fame  line,  whether 
* crooked  or  ftraight,  pafs  through  all  thofe 
points  or  places  in  which  the  declination  of 
the  needle  is  the  fame ; thus,  for  dnllance, 
a line  is  drawn  through  ail  thofe  places 
in  which  the  declination  is  10  degrees  weft; 
another  line  is  drawn  through  thofe  places 
where  the  declination  is  of  another  number 
of  degrees,  and  fo  on;  which  are  called 
lines  of  declination  •f'.  It  is  evident,  that 

^ See  the  Phil.  Tranf.  for  the  year  1757. 

t Thofe  lines  which  pafs  through  the  points  where 
the  north  end  of  the  needle  declines  to  theeaft  of  the 
meridian  of  the  place,  are  called  lines  oVeaJi  declination  ; 
thcf;  which  pafs  through  the  points  where  the  north 
extremity  of  the  needle  declines  to  the  weft  of  the 
meridian,  are  called  lines  of  weji  declination  \ and 
laftly,  thofe  lines  which  pafs  through  thofe  points 
where  the  needle  coincides  with  the  meridian,  are 
called  lines  of  no  declination. 
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in  fuch  charts  the  variation  of  the  mag- 
netic needle,  in  many  places,  mull  be 
merely  a matter  of  conjedlure  or  guefs ; 
and,  though  there  is  a kind  of  tendency 
of  the  lines  of  declination  towards  cer- 
tain principal  points,  yet  that  feeming  re- 
gularity is  fubjedl  to  many  exceptions, 
which  render  thofe  declination  charts  of 
no  great  ufe. 

In  Dr.  Halley’s  chart,  the  line  of  no 
declination  crofles  the  meridian  of  London 
at  about  the  55th  degree  of  fouth  latitude, 
it  then  proceeds  in  an  arched  manner 
tow^ards  the  weft  of  the  faid  meridian,  and 
increafing  its  curvature  as  it  advances  up 
into  the  northern  hemlfphere,  terminates 

at  Charles  Town  on  the  coaft  of  North 

« 

America. 

In  the  other  of  the  above-mentioned 
charts,  the  line  of  no  declination  paftes 
more  weftw^ard  of  the  meridian  of  London, 
advances  with  a more  irregular  curvature, 
and  terminates  on  the  coaft  of  Florida,  at 
about  the  30th  degree  of  north  latitude. 

The  lines  of  eaft  variation  are  on  the 
concave  fide  of  the  above-mentioned  line, 

and 
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and  the  lines  of  weft  declination  are  on 
its  convex  fide,  advancing  for  a confider- 
able  extent  with  nearly  the  fame  curvature 
as  the  line  of  no  declination  : but,  as  you 
come  on  this  fide  of  the  tropic  of  Cancer, 
the  lines  of  weft  declination,  in  both  charts, 
are  almoft  perpendicular  to  the  meridians. 

In  the  Indian  fea,  and  in  the  fea  betv/een 
the  ifland  of  Madagafcar  and  the  fouth 
pole,  the  declination  lines  are  confiderably 
more  irregular,  fo  as  to  render  it  impofiible 
to  convey  any  diftindl  idea  of  the  fame  by 
writing : the  reader,  therefore,  who  is 
willing  to  examine  this  fubjed:  much  far- 
ther, may  confult_  the  faid  charts  them- 
felves. 

There  is  one  thing  remarkable  to  be 
obferved  in  thofe  charts,  which  is,  that 
the  declination  lines  do  never  crofs  each 
other. 

In  my  opinion,  it  feems  that  the  magnet- 
ifm  of  the  earth  arifes  from  the  magnetifm 
of  all  the  magnetic  fubftances  therein  con- 
tained, and  intermixed  with  other  bodies  ; 
that  the  magnetic  poles  of  the  earth  may 
be  confidered  as  the  centres  of  the  pola- 
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rities  of  all  the  particular  aggregates  of 
the  magnetic  fubftances^  and  that  thofe 
principal  poles  muft  cliange  place,  rela- 
tively to  the  furface  of  the  earth,  accord- 
ing as  the  particular  aggregates  of  mag- 
netic fubftances  within  the  earth  are  in 
fome  manner  or  other  altered,  fo  as  to 
have  their  power  diminiflied,  increafed, 
approached,  or  removed  from  the  prin- 
cipal poles.  But,  as  thofe  thoughts  are 
moflly  depending  on  fome  experiments 
of  mine,  I fliall  defer  faying  any  thing  , 
farther  about  them  till  after  the  account 
of  thofe  experiments  ; which  will  be  found 
in  the  fourth  Part. 

Though  no  regularity  has  been  eftab- 
llflied  with  refpedt  to  the  variation  of  the 
needle,  yet,  as  the  various  lituation  of 
the  magnetic  poles  within  the  earth  occa- 
fions  a great  variety  of  appearances,  and 
as  the  right  underftanding  of  thofe  varie- 
etles  may  be  of  great  ufe  to  thofe  who 
wifli  to  invelfigate  this  intricate  fubjedl, 
the  developement  of  which  would  be  of 
vail  ufe  to  mankind  ; I fhall  now  fub- 
join  the  principal  cafes,  which  feem  pof- 

fibk. 
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lible,  relating  to  the  pofition  of  the  mag- 
netic poles ; imagining,  as  is  moft  na- 
tural to  fuppofe,  that  they  are  two,  and 
that  they  lie  on  the  furface  of  the  earth. 
Thefe  cafes  are  no  more  than  four,  viz^. 

Case  I.  If  the  magnetic  poles  of  the 
earth  had  coincided  with  the  true  poles 
thereof,  there  could  have  been  no  decli- 
nation or  variation  of  the  mariner’s  'Com- 
pafs  in  any  part  of  the  world  (that  is,  if 
the  earth  be  uniformly- magnetical)  • for 
in  that  cafe  the  needle,  in  pointing  to  the 
magnetic  poles,  would  always  have  point- 
ed to  the  true  poles  alfo ; this  needle 
would  therefore  be  neceffarily  diredled 
along  the  courfe  of  the  meridian,  or,  in 
other  words,  it  would  have  no  declina- 
tion or  variation  either  to  the  eafb  or  weft 
thereof. 

, I 

Case  II.  If  the  magnetic  poles  were 
fituated  in  the  fame  meridian,  and  in 
oppofite  parallels ; upon  that  meridian 

* Thefe  four  cafes  were  drawn  up  by  Dr.  Lori* 
raer,  a gentleman  of  great  knowledge  in  magnetics. 

, t 
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which  pafles  through  the  magnetic  and 
true  poles,  from  the  one  of  the  magnetic 
poles  to  the  other,  and  upon  the  oppolite 
meridian  all  along,  there  could  be  no  de- 
clination, for  the  reafon  mentioned  in  the 
former  Cafe.  Likewife,  upon  the  equa- 
tor there  would  be  no  declination  ; for 
though  if  one  of  the  magnetic  poles  were 
only  to  adt  upon  the  needle,  in  paffing 
along  the  equator  to  the  diftance  of  90 
degrees  in  longitude  eaft  or  weft,  the  de- 
clination would  increafe,  fo  that  at  90* 
diftance  from  the  line  of  no  declination 
it  would  be  equal  to  the  angle  contained 
between  the  magnetic  and  true  poles ; 
yet,  as  the  other  magnetic  pole,  in  this 
cafe,  it  always  within  the  fame  diftance  of 
the  needle,  it  will  adl  upon  the  oppqfite 
end  of  it  with  equal  force,  and  confe- 
quently  will  keep  it  parallel  to  itfelf  all 
round  the  equator.  But  in  going  from 
the  equator  north  or  fouth,  the  declina- 
tion would  increafe  fo  as  to  be  180°  on 
the  little  arches  or  fpaces  of  the  meri- 
dian contained  between  the  true  and  the 
magnetic  poles,  which  is  the  greateft  pof- 
■ ' ■ ' ■ ■ fiblc 
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iible  declination  in  all  cafes  whatfoever.  " 
It  muft  be  farther  obferved  on  this  cafe, 
that  the  lines  of  no  declination,  including 
thofe  arches  of  i8o%  form  two  great  cir- 
cles of  the  globe  along  the  meridian  and 
the  equator,  eroding  one  another  at  right 
angles,  and  dividing  the  furface  of  this 
globe  into  four  quarters,  two  in  each 
hemifphere,  the  one  hemifphere  having 
weft  declination  in  the  north  and  eaft 
declination  in  the  fouth  half  thereof,  and 
in  the  oppofite  hemifphere  it  would  be 
juft  the  reverfe;  fo  that  each  of  the  arches 
or  femi-circles  of  no  declination  would 
have  eaft  declination  on  the  one  ftde  of 
them,  and  weft  declination  on  the  other. 
The  fmall  arches  of  180°  declination, 
which  are  between  the  true  and  magnetic 
poles,  may  be  reckoned  in  all  cafes  as  a 
part  of  the  lines  of  no  declination';  for 
there  indeed  the  needle  conforms  itfelf  to 
the  meridian  as  well  as  in  the  other  parts 
of  the  circle,  though  its  ends  are  reverfed. 
In  fhort,  as  all  the  lines  of  declination  do 
coincide  and  terminate  in  the  magnetic 
and  true  poles,  fo  thefe  arches  of  180°  are 

I 4 a kind 
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a kind  of  limit,  making  with  each  of 
thofe  lines,  as  in  the  prefent  cafe,  a curve 
line  or  figure  returning  into  itfelf ; which 
, figures,  from  i8o°  between  the  poles,  to 
C'  declination  upon  the  equator,  do  each 
of  them  include  a fpace  larger  than  the 
other,  till  at  lafi:  they  fill  up  the  whole 
quarter  of  the  furface  of  the  globe,  and 
conform  themfelves,  as  nearly  as  poffible, 
to  the  lliape  and  figure  thereof. 

As  a variety  of  this  cafe,  it  may  be  add- 
ed, that  the  magnetic  poles  may  be  fitu- 
ated  in  the  fame  meridian,  but  in  pa- 
rallels which  are  not  oppofite.  In  that 
cafe  the  only  alteration  which  could  hap- 
pen is,  that  in  the  hemifphere  in  which 
the  magnetic  and. true  poles  are  nearefl:  to 
each  other,  the  figures  formed  by  the  lines 
of  declination  become  fmaller,  and  the 
correfponding  figures  in  the  oppofite  he- 
mifphere, larger.  The  line  of  no  decli- 
nation, which,  in  this  cafe,  reprefents 
the  equator,  would  alfo  be  proportionably 
nearer  to  thofe  poles  which  are  .neareft  to 
one  another. 


Case 
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Case  III.  If  the  magnetic  poles  v,^ere 
fituated  ill  oppofite  meridians,  and  in  op- 
polite  parallels ; upon  thofe  meridians 
which  pafs  through  the  magnetic  and  true 
poles  there  could  be  no  declination,  for  the 
reafons  mentioned  in  the  former  Cafes. 
But  upon  the  equator,  eaftward  or  weft- 
ward,  to  the  diftance  of  90°  in  longitude, 
the  declination  would  adually  increafe,  fo 
as  there  to  be  equal  to  the  angle  which 
meafures  the  diftance  between  the  true  and 
the  magnetic  poles  ; and_  from  thence  it 
would,  in  the  fame  manner,  decreafe  for 

\ 

the  other  90°  to  the  oppofite  iperidian. 
The  declination  lines  of  10%  20°,  &c.  as 
far  as  the  greateft  declination  upon  the 
equator,  in  this  cafe  become  arches  or  . 
curves,  which  conform  themfelves,  as  near- 
ly as  may  be,  to  the  courfe  and  diredlion  of 
the  lines  of  no  declination,  and  are  called 
lines  of  the  firft  order.  But  the  lines  of 
the  greateft’equatorial  declination  crofs  one 
another  at  the  diftance  of  qo'"  in  longitude 
from  the  meridian  or  circle  of  no  declina- 
tion, fomething  in  form  like  the  letter  X, 
or  like  two  gothic  arches  joined  at  the 

vertex. 
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vertex.  They  are  called  lines  of  the  fe- 
cond  order,  and  may  very  properly  be  con- 
fidered  as  the  boundary  between  the  lines 
of  the  firft  and  third  order,  as  the  lines  of 
no  declination  are  always  boundaries  be- 
tween the  lines  of  eaft  and  weft  declination. 
In  this  cafe,  thofe  lines  of  no  declination, 
including  the  arches  of  i8o%  form  only  one 
great  circle  along  the  meridian,  dividing 
the  furface  of  this  globe  into  two  hemi- 
fpheres,  in  the  one  of  which  there  is 
eaft  declination,  and  in  the  other  weft 
declination. 

t 

From  the  greateft  equatorial  declination 
to  the  arches  of  180°,  the  declination  lines 
of  the  third  order  are  curves  returning 
into  themfelves,  and  in  ihape  nearly  re- 
fembling  parabolas  eredted  upon  thofe  ar- 
ches of  180°. 

As  a variety  of  this  cafe.  It  may  be  added, 
that  if  the  magnetic-poles  were  fituated  in 
oppofite  meridians,  but  in  parallels  which 
are  not  oppofite,  then,  in  that  hemifphere 
in  which  the  true  and  the  magnetic  poles 
approached  neareft  to  one  another,  the  fi- 
gure formed  by  the  lines  of  declination 

would 
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would  be  finaller,  and  in  the  oppofite  he- 
mifphere  the  correfponding  figures  would 
be  larger  in  proportion.' 

* 

Case  IV.  This  cafe  is  a very  extenfivc 
one,  when  the  magnetic  poles  are  fi- 
tuated  neither  in  the  fame  nor  in  oppofite 
meridians ; and  this  feems  to  have  been 
the  real  pofition  of  thofe  poles  ever  fince 
any  obfervations  of  the  declination  of  the 
magnetic- needle  have  been  made. 

In  this  Cafe,  then,  the  lines  of  no  declina^ 
tion  cannot  be  either  in  the  direction  of  a 
meridian  or  along  the  equator,  as  in  the 
former  Cafe,  but  in  a kind  of  curves,  which 
are  varioufly  inclined  to  both  ; and  they  di- 
vide the  furface  of  the  globe  into  two  parts, 
but  thefe  parts  are  not  hemifpheres,  as  In 
the  laft  Cafe,  for  they  may  be  of  a very  dif- 
ferent extent.  If  the  magnetic  poles  be 
fituated  in  meridians  nearly  oppofite,  the 
, curvature  of  thofe  lines  will  not  be  fo  great, 
that  is,  they  become  more  like  to  Cafe  III* 
But  as  the  magnetic  poles  approach  nearer 
to  the  fame  meridian,  the  curvature  of  the 
lines  of  no  declination  becomes  greater, 
till  they  almoft  touch  one  another,  fome- 

thing 
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thing  in  form  like  the  figure  of  the  num- 
ber 8,  and  at  laft  they  complete  the  two 
great  circles,  as  in  Cafe  II.  The  lines  of 
the  fecond  order,  which  correfpond  to  the 
greateft  equatorial  declination,  if  the  mag- 
netic poles  be  fituated  in  meridians  nearly 
oppofite,  have  a declination' nearly  equal  to 
the  angle  formed  between  the  magnetic  and 
true  poles,  as  in  Cafe  III ; but  as  the  magne- 
tic poles  approach  towards  the  fame  meri- 
dian, this  -declination  decreafes,  till  at  laft 
it  entirely  vanifties,  as  in  Cafe  II.  Theother 
declination  lines  in  this  Cafe  are  fo  fimilar 
to  the  former,  that  they  require  only  to  be 
referred  to  it.  Laftly,  it  muft  be  obferved, 
that,  whether  the  magnetic  poles  be  fi- 
tuated in  oppofite  parallels  or  not,  makes 
as  little  difference  in  this  as  in  the  former 
Cafe. 

Hitherto  the  magnetic  poles  have  been 
confidered  to  lie  on  the  furface  of  the 
globe  ; but  if  we  attentively  confider  the 
fituation  which  they  may  more  likely  have, 
it  will  appear,  that  in  all  probability  they 
are  not  fituated  near  the  furface  of  this 
globe,  but  at  fome  depth  below  it ; at  leaft 

this 
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this  muft  be  the  cafe  with  the  foutli 
pole  ; for,  hnce  the  water  of  the  fea  is  in- 
capable of  magnetifm,  and  the  fouthern 
hemifphere,  efpecially  about  the  fouthpole, 
contains  a vail:  deal  more  fea  than  land ; it 
is  plain  that  the  fouth  magnetic  pole  mult 
be  lituated  at  leall  near  the  bottom  of  the 
fea;  in  confequence  of  which,  the  variation' 
of  the  needle  in  that  hemifphere  mult 
be  dilFerent  from  what  it  would  be  if 
the  magnetic  pole  were  lituated  on  the 
furface  of  the  terraqueous  globe.  The  fame 

may  be  obferved  with  refped:  to  the  fitu- 

« 

ation  of  the  north  magnetic  pole.  Belides 

this,  we  muit  alfo  conlider  the  irregula-  ' 

rities  ariling  from  the  unequal  and  irregu- 

> 

iar  htuation  of  land  and  fea ; it  being  na- 
tural to  conceive,  that  large  tracts  of  land 
on  one  fide  of  the  magnetic  needle,  will 
draw  it  away  from  the  real  meridian, 
whereas  a large  ocean  can  produce  no  fuch 
effeft.— -This,  however,  is  fubjedl  to  a 
great  deal  of  variety,  ariling  from  the  na- 
ture of  the  land,  the  depth  of  the  fea,  the 
nature  of  the  ground  at  the  bottom  of  the 
fea,  &c.  It  appears,  therefore,  that  a great 
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many  caufes  combine  ,to  adt  upon  the 
magnetic  needle,  occafioning  it  to  decline 
from  the  true  meridian,  and  that  it  is  almoft 
impoffible  to  form  a ufeful  theory  upon  it. 
However,  as  this  is  a fubjedt  of  vaft  impor- 
tance to  mankind,  principally  for  the  im- 
provement of  navigation,  I am  far  from 
meaning  to  difcourage  its  being  properly 
examined;  but  only  think  it  neceffary  to 
put  all  the  apparent  difficulties  before  the 
eye  of  the  refolute  adventurer  in  this  field 
of  intricate  and  difficult  invefiigation. 


CHAPTER  II. 


s 

Analogy  between  magnetifm  and  electricity. 


W THEN  the  knowledge  of  mankind, 
V \ relative  to  eledtricity,  comprehen- 
ded only  the  property  of  amber,  and  of  a 
few  other  bodies,  v/hich,  after  being  rub- 
bed, attradt  fmall  bodies,  this  attradtion 

was  hardly  diftinguifhed  from  that  of  mag- 
o netifm  j 


m 
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netifm ; and  in  fadl  old  books  often  defcribe 

/ 

the  above-mentioned  property  of  amber, 
under  the  appellation  of  the  magnetifm  of 
amber.  The  modern  fcientific  improve- 
ments, efpecially  thofe  made  within  this  cen- 
tury, have  fliewn,  that  eledlricity  and  mag- 
netifm are  two  different  powers  of  nature, 
which  are  quite  didindl  from  each  other; 
but,  at  the  fame  time,  it  muft  be  confelfed, 
that  there  is  a furprifing  analogy  between 
them  ; and,  as  it  is  by  following  the  fimi- 
larity  between  two  fubjedis,  that  difcove- 
ries  are  often  made  in  philofophy,  it  feems 
neceffary  in  this  place  to  point  out  the  par- 
ticulars in  which  rnagnetifm  and  eledrici- 
ty  refemble  each  other,  and  likewife  thofe 
in  which  they  more  effentially  differ. 

That  power  which  philofophers  call 
eledlricity,  is  A two  forts,  namely,  the 
fojlthe  and  the  negative  elect ricity.  It  is 

an  invariable  law  in  eledlricity,  that  bodies 
poffelfed  of  the  fame  fort  of  eledlricity 
repel  each  other,  whereas  thofe  which  are 

polfelTed  of  different  eledlricities  attradl 
each  other. 


Thus 
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Thus,  in  magnetics,  there  is  a north  and 

0 

a fouth  pole ; thofe  parts  of  magnetic 
bodies  which  are  pofleffed  of  the  fame 
polarity  repel  each  other ; but  thofe  which 
are  poffeffed  of  different  polarities  attrad: 
each  other. 

In  eledricity,  whenever  a body  in  a na- 
tural flate  is  brought  within  the  fphere  of 
adion  of  an  eledrified  body,  it  becomes  it- 
fclf  eledrified,  and  pofTefied  of  the  contrary 
eledricity,  after  which  an  attradion  takes 
place ; fo  that  in  truth  there  is  no  eledric 
attradion  but  between  bodies  pofTeffed  of 
different  eledricities  : for  inftance,  if  a 
piece  of  paper  be  brought  fufficiently  near 
a ?^lafs  tube,  eledrified  pofitively,  the  paper 
will  acquire  the  negative  eledricity,  and 
will  then  be  attraded  by  the  tube  ; but  if 
the  paper  be  fo  circumftanced  as  not  to  have 
it  in  its  power  to  acquire  that  negative  elec- 
tricity, then  no  attradion  will  take  place.  ! 

Thus  a ferruginous  fubftance,  which  is 
brought  v/ithin  the  fphere  of  adion  of  a. 
inagnet,  cannot  be  attraded  by  either  pole 
of  the  magnet,  unlefs  it  acquires  firil  a 
contrary  polarity. 

One 
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One  fort  of  eledlricity  cannot  be  produ- 
ced by  itfelf,  but  is  always  accompanied 
by  the  other ; thus,  if  a glafs  tube  be 
eledlrified  pofitively  on- its  external  furface, 
a negative  eledlrlcity  muft  exift,  either  on 
its  internal  furface,  or  on  the  air  contigu- 
ous to  the  tube. 

In  the  fame  manner,  the  two  magnetic 
* 

poles  are  always  together ; nor  was  there  a 
piece  of  ferruginous  fubftance  ever  produ- 
ced, which  had  one  polarity  and  not  the 
other. 

The  eledtric  virtue  can  be  retained  and 
confined  by  certain  bodies,  like  glafs,  am- 
ber, refins,  and  others,  called  eleBrics  5 but 
it  eafily^  pervades  other  fubftances,  called 
ConduSlorSy  or  non-ele5irics. 

The  magnetic  virtue  is  retained  by  fer- 
ruginous fubftances,  efpecially  thofe  of  a 
hard  nature,  like  hard  fteel,  and  the  mag- 
net: but  it  pervades  eafily,  and  without  the 
leaft  perceivable  impediment,  all  other  forts 
of  fubftances. 

On  the  other  hand,  the  magnetic  power 
differs  from  the  eledlric,  firft,  in  its  not  af- 
fedling our  fenfes  with  any  light,  fmell,tafte' 
or  noife ; whereas  the  eleilricfpark,  ftiock, 

K fmell. 
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fmell,  and  tafte,  are  known  to  every  perfoii 
converfant  in  eledtric  experiments.  Se- 
condly; niagnetirm  attracts  only  iron,  or 
thofe  bodies  which  contain  that  metal  in 
fome  ftate  or  other,  whereas,  the  eledtric 
power  attradls  bodies  of  every  fort.  Third- 
ly; the  eledtric  virtue  rehdes  on  thefurface 
of  eledlrified  bodies ; whereas  the  magne- 
tic is  quite  internal.  Laftly  ; a magnet 
lofes  nothing  of  its  power  by  magnetizing 
other  fubdances;  but  an  eledlrified  body 
lofes  part  of  its  eledlricity  by  eledlrifying 
other  fubflances.  Here,  however,  mud  be 
remarked,  that  an  eledlrified  body  lofes  part 
of  its  power,  when  in  eledlrifying  another 
body  touches  it,  and  that  body  acquires 
then  the  fame  fort  of  eledlricity;  but  when 
that  other  body  is  eledlrified  by  being  only, 
brought  within  the  fphere  of  adlion  of  the 
former,’in  which  cafe,  it  acquires  the  con- 
trary eledlricity,  then  the  former  body 
lofes  nothing  of  its  power  ; for  inftance, 
fuppofe  that  a body  A pofiefiTes  a certain 
quantity  of  pofitive  eledlricity,  and  that 
another  body  B,  in  a natural  ftate,  be  gradu- 
ally brought  near  A;  then  the  bodyB,  when 
it  comes  within  a certain  diftance  of  the 

eledlrified 
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dedtrified  body  A,  acquires  a negative 
eleftricity,  which  negative  electricity  takes 
away  nothing  of  the  power. of  the  body 
A ; but  if  the  two  bodies  come  very  near, 
fo  as  to  touch,  or  as  that  the  eleClricity  of 
the  body  A may  leap  from  it  to  the  other, 
then  the  body  B will  become  eleCtrified  po- 
litively,  and  A lofes  thereby  part  of  its 
power. — Indeed,  if  it  be  duly  conlidered, 
this  laft  cafe  does  not  feem  ever  to  take 
place  with  magnetifm ; for  bodies  appear 
to  be  rendered  magnetic  merely  by  the  ac- 
tion of  their  fpheres  of  aClivity,  or  by  that 
power  which  enables  magnets  to  aCl  at 
fome  diftance  from  their  own  bodies ; and 
therefore  we  mayjuftly  fay,  that  eledrlfied 
and  magnetic  bodies  agree  in  this,  viz. 
that  they  lofe  nothing  of  their  power,  when 
other  bodies  are  eleftrified  or  rendered 
magnetic  in  virtue  of  their  fpheres  of  ac- 
tivity. 

Several  other  points  of  analogy,  or  of 
difference,  between  magnetifm  and  eleClri- 
city,  will,  perhaps,  occur  to  thofe  perfons 
who  examine  both  fubjeCls ; but  if  they 
be  attentively  confidered,  I think  they  will 

K 2 be 
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be  found  to  be  comprehended  in  thofe 
which  have  been  enumerated  above. 


CHAPTER  III. 

Of  the  hypothejis  of  the  magnetic  fuld, 

TH  E great  defideratum  in  magnetics 
is,  to  know  the  caufe  which,  in  a 
magnet,  of  whatever  fort  it  may  be,  pro- 
duces the  attradlion,  repuUion,  and  other 
magnetic  phenomena.  It  is  really  fur- 
prifing  to  obferve,  that,  by  the  mere  con- 
taft,  or  even  by  the  vicinity  of  a magnet, 
a piece  of  fteel,  &c.  acquires  feveral  ex- 
traordinary properties,  which  it  afterwards 
retains  obftinately,  and  that  without  hav- 
ing its  weight,  fliape,  colour,  or  hardnefs  al- 
tered in  any  fenfible  degree,  and  without  the 
appearance  of  any  fubftance  being  commu- 
nicated to  it  by  the  magnet,  which  fub- 
ftance is  either  perceived  by  our  fenfes,  or 
at  all  hindered  by  the  interpofition  of  any 
known  body. 

Human  imagination,  ever  ready  to  fup- 
ply  the  deficiency  of  real  knowledge, 

has 
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has  offered  abundance  of  hypothefes  ; but 
their  infufficiency  to  explain  ,the  various 
phenomena  of  magnetifm,  renders  them 
moftly  improbable,  and  often  evidently 
abfurd.  Some  have  imagined,  that  the 
pores  of  ferruginous  bodies  are  full  of 
valves,  which  permit  the  paffage  of  the 
magnetic  fluid  in  one  direftion,  but  pre- 
vent its  return  backwards.  Others  have 
imagined,  that  there  is  a perpetual  circu- 
lation of  a certain  fluid  from  one  pole  to 
the  other  of  every  magnet  j and  of  courfe, 
that  on  the  earth,  which  Is  a great  magnet, 
there  is  likewife  a perpetual  circulation  of 
this  magnetic  fluid  from  the  regions  adja- 
cent to  one  pole  to  thofe  adjacent  to  the 
other. 

Without  detaining  my  reader  with  the 
particular  account,  and  confutation  of  thofe 
and  other  hypothefes,  I fhall  only  take  no- 
tice of  the  hypothefis  propofed  by  the 
ingenious  Aepinus,  which,  though  la- 
bouring under  feveral  objections,  feems 
however  to  be  the  moft  plauflble^, 

* Tentamen  theoriae  eleCiricitatis  ct  magnQtifmi, 
auCiore  F.  V.  T.  Aepino,  chap.  i.  § iii, 

K3 
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From  the  analogy  of  the  eftablifhed  or 
more  common  hypothefis  of  eledlricity, 
which  goes  under  the  name  of  Dr.  Frank-? 
lin’s,  Mr.  Aepinus  is  led  to  imagine,  that 
there  exifts  a fluid  productive  of  all  the 
magnetic  phenomena,  and  confequently  to 
be  called  the  magnetic  jluid ; that  this  fluid 
is  fo  very  fubtile  as  to  penetrate  the  pores 
of  all  bodies ; and  that  it  is  -of  an  elaflic 
nature,  viz.  that  its  particles  are  repulfive 
of  each  other. 

Fie  farther  fuppofes,  that  there  is  a 
mutual  attraction  between  the  magnetic 
fluid  and  iron,  or  other  ferruginous  bodies; 
but  that  all  ’ other  fubflances  have  no 
action  with,  this  fluid  ; they  neither  at- 
tracting nor  repelling  each  other. 

He  then  obferves,  that  there  is  a great 
deal  of  refemblance  between  ferruginous 
bodies  and  eleCtrics,  or  non-conduCtors  of 
electricity ; for  the  magnetic  fluid  paflbs 
with  difficulty  through  the  pores  of  the 
former,  as  well  as  the  eleCtric  fluid  paiTes 
with  difficulty  through  the  pores  of  the 
latter.  However,  there  is  not  a body  that 
has  any  action  on  the  magnetic  fluid,  and 

isj 
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is,  at  the  fame  time,  analogous  to  non- 
eledlrics  ; for  inftance,  there  is  no  body, 
the  particles  of  which  attradl  the  magne- 
tic fluid : and  yet  this  fluid  can  pervade 
its  pores  without  any  obftrudtion.  In  iron, 

indeed,  a kind  of  gradation  of  this  fort 

• 

feems  to  take  place ; for  the  fofter  the 
iron  is,  the  more  freely  does  the  magnetic 
fluid  pervade  its  pores,  and,  on  the  con- 
trary, the  harder  it  is,  the  greater  oppo- 
fition  it  offers  to  the  free  paflage  of  that 
fluid  ; fo  that  the  iron,  when  foft,  feems 

i. 

to  be  more  analogous  to  non-eleclrics  than 
when  hard. 

According  to  this  hypothefls,  iron,  and 
all  ferruginous  fubflances,  contain  a quan- 
tity of  magnetic  fluid,  which  is  equably  dif- 
perfed  through  their  fubflance,  when  thofe 
bodies  are  not  magnetic;  in  which  flate  they 
ihew  no  attraction  nor  repulfionagainfteach 
other,  becaiife  the  repulfion  between  the 
particles  of  the  magnetic  fluid  is  balanced 
by  the  attradlion  between  the  matter  of 
thofe  bodies  and  the  faid  fluid,  in  which 
cafe  thofe  bodies  are*faid  to  be  in  a na- 
tural ftate  ; but  when,  in  a ferruginous 

K 4 body. 
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body,  the  quantity  of  magnetic  fluid  be- 
longing to  it  is  driven  to  one  end,  then 
the  body  becomes  magnetic,  one  extremity 
of  it  being  now  overcharged  with  mag- 
netic fluid,  and  the  other  extremity,  un- 
dercharged. Bodies  thus  conftltuted,  viz. 
rendered  magnetic,  exert  a repulfion  be- 
tween their  overcharged  extremities,  in 
virtue  of  the  repulfion  between  the  parti- 
cles of  that  excefs  of  magnetic  fluids  which 
is  more  than  overbalanced  by  the  attrac- 
tion of  their  matter.  There  is  an  attradlion 
exerted  between  the  overcharged  extre- 
mity of  one  magnetic  body,  and  the 
undercharged  extremity  of  the  other, 
on  account  of  the  attrailion  between  that 
fluid  and  the  matter  of  the  body ; but 
to  explain  the  repulfion,  which  takes 
place  between  their  undercharged  extre- 
mities, we  mufl:  either  imagine  that  the 
matter  of  ferruginous  bodies,  when  de- 
prived of  its  magnetic  fluid,  mufl:  be  re- 
pulfi  ve  of  its  own  particles,  or  that  the 
undercharged  extremities  appear  to  repel 
each  other  only  becaufe  either  of  them 
^ttradts  the  oppofite  overcharged  extre- 
' mities  j 
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mitles ; both  which  fuppofitions  are  em- 
barraffed  with  difficulties. 

A ferruginous  body,  therefore,  is  ren- 
dered magnetic  by  having  the  equable 
diffufion  of  magnetic  fluid  throughout  its 
fubflance  diflurbed,  fo  as  to  have  an  over- 
plus of  it  in  one  or  more  parts,  and  a de- 
ficiency of  it  in  one  or  more  other  parts  ^ 
and  it  remains  magnetic  as  long  as  its  im- 
permeability prevents  the  reftoration  of 
the  balance  between  the  overcharged 
and  undercharged  parts.  Moreover,  the 
piece  of  iron  is  rendered  magnetic  by  the 
vicinity  of  a magnet,  becaufe,  when  the 
overcharged  part  or  pole  of  the  mag- 
net is  prefented  to  it,  the  overplus  of 
magnetic  fluid  in  that  pole,  repels  the 
magnetic  fluid  away-  from  the  neareft 
extremity  of  the  iron,  which  therefore 
becomes  undercharged,  or  poflTelTed  of 
the  contrary  polarity,  to  the  moft  re- 
mote part  of  the  iron  ^ which  confe-* 
quently  becomes  overcharged,  or  poflefT- 
ed  of  the  fame  polarity  as  the  prefented 
pole  of  the  magnet.  When  the  piece 
pf  iron  is  rendered  magnetic  by  prefent-^ 
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ing  to  it  the  undercharged  extremity  or 
pole  of  the  magnet,  then  the  part  of  the 
iron  which  is  neareft  to  it,  becomes  over- 
charged, &c.  becaufe  that  part  of  the  mag- 
net, being  deprived  of  its  magnetic  fluid, 
attradls  the  magnetic  fluid  of  the  iron  to 
that  extremity  of  the  iron  which  lies  near- 
eft  to  itfelf. 

In  confequence  of  which  it  appears,  that, 
in  order  to  give  magnetifm  to  a body,  as 
a piece  of  fteel,  the  ftrength  of  the  mag- 
net employed  muft  be  fuch  as  to  overcome 
the  refiftance,  which  the  fubftance  of  the 
fteel  makes  again  ft  the  free  paflage  of  the 
magnetic  fluid  5 hence,  a piece  of  foft  fteel 
is  rendered  magnetic  more  eafily  than  a 
hard  one ; hence,  a ftronger  magnet  will 
render  magnetic  fuch  ferruginous  bodies  as 
other  fmaller  magnets  have  no  pow^r 
upon. 

The  action  of  two. magnets  upon  each 
other  is  likewife  eafily  explained  by  this 
hypothefis.  When  two  equal  magnets  op- 
pofe  their  contrary  poles  to  each  other^  they 
thereby  preferve  and  ftrengthen  their  pow- 
er j but  when  the  homologous  poles  of 
j • two 
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two  magnets  are  placed  near,  then,  if  the 
ftrength  and  quality  of  thofe  magnets  be 
equal,  they  will  only  diminifh  each  other^s 
magnetic  power ; but  iTthey  be  unequal 
in  power  or  other  quality,  as  the  hardnefs, 
lhape,  &c.  then  the  weakeft  will  have  its 
power  diminiflied,  deftroyed,  or  changed, 
in  proportion  to  its  foftnefs,  weaknefs  of 
magnetifm,  and  other  circumftances,  which 
will  eafily  occur  to  the  intelligent  rea- 
der. 


Part 
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PART  III. 

PRACTICAL  MAGNETISM, 


TH  E objedl  of  this  Part  of  the 
prefent  work  is,  to  deferibe  thofe 
experiments  which  are  neceflary  to  prove 
the  laws  of  magnetifm  mentioned  in  the 
firft  Part ; and  alfo,  to  deferibe  thofe  in- 
ftruments  which  are  neceflary  for  the  ufes 
to  which  magnetifm  is  fubfervient.  In 
thi?  defeription,  both  of  experiments  and 
of  inftruments,  I fhall  principally  inlifl: 
upon  thofe  particulars,  which,  being  of  a 
general  nature,  may  ferve  as  fixt  points  tg 
guide  the  ingenious  experimenter  in  the 
contrivance  of  more  perfedt  inflruments, 
and  in  the  performance  of  the  neceflary 
experiments  by  the  moft  eafy  means,  it 

being 


Practical  Magnetism.  141 

being  very  well  known,  that,  to  be  obliged 
to  procure  a particular  inftrument  for  al« 
moll  every  experiment,  which  is  mollly  the 
cafe  with  beginners,  when  complicated  and 
formal  apparatulTes  are  deferibed,  conli-* 
derably  retards  the  propagation  of  ufeful 
knowledge. 


CHAPTER  I. 

' Defertption  of  the  magnetical  infruments^ 

IF  we  colled:  under  one  point  of  view 
the  magnetic  properties,  it  will  'be 
found  that  they  may  be  comprehended  un- 
der two  general  clalTes,  namely,  the  adion 
of  the  magnet  upon  unmagnetic  ferruginous 
bodies,  and  the  adion  of  one  magnet  upon 
another.  The  firll  conlills  only  in  com- 
municating the  magnetic  power ; the 
fecond  comprehends  the  attradion  and 
repulfion,  a confequence  of  which  is  the 
diredive  property,  viz.  the  compafs  and 
dipping  needle.  Therefore,  the  principal 

inftruments 
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inftruments  in  magnetics  are,  a few  mag- 
nets or  magnetic  bars,  a magnetic  needle 
for -the  magnet's  horizontal  diredhon,  and 
the  dipping  needle,  to  fhew  the  inclina- 
tion. 

’ If  one  do  not  want  to  be  very  nice  and 
particular,  a common  horfe-jfhoe  artificial 
magnet,  which  cofts  very  little,  and  a few 
' fewing-needles,  will  fliew  fevcral  experi- 
ments ; but  perfons  who  wifia  to  be  more 
cxadt,  and  to  make  improvements  in  the 
fubjedt,  ought  to  be  provided  with  a 
good  fet  of  artificial  magnets,  v/hich  ufii- 
ally  conlifis  of  fix  bars,  a few  fmall  mag- 
netic needles,  a pretty  large  needle  in  a 
proper  box  with  a graduated  circle,  and  a 
dipping  needle^  to  v/hich  may  be  added, 
fome  pieces  of  fleel  wire,  two  or  three 
bars  of  foft  iron,  and  a fev/  other  things 
of  no  great  expence,  but  very  ufeful  for  va- 
rious experiments. 

In  this  chapter  I fliall  deferibe  only  the 
three  principal  inftruments,  the  bars, 
the  needles,  and  dipping  needle,  the  reft 
being  mentioned  occafionally  in  the  de- 
Icription  of  the  experiments.’ 


The 
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The  magnetic  bars  are  generally  fix  in  - 
number,  and  they  ought  to  be  made  of 
the  befi:  fteel,  and  left  quite  hard ; but, 
however,  there  is  not  a charadleriftic  yet 
known,  by  which  the  fteel,  capable  of 
acquiring  the  greateft  magnetic  power, 
may  be  diftinguiflied.  It  v/ill  be  proper, 
therefore,  to  try  the  fteel  previoufly  to 
ufing  it  for  the  conftrudtion  of  the  bars. 
For  which  purpofe,  take  a piece  of  it, 
about  three  inches  long,  and  about  a 
quarter  of  an  inch  in  thicknefs  (no. 
matter  whether  round  or  fquare),  make 
it  red  hot,  and  in  that  ftate  plunge  It  in 
cold  water,  which  hardens  it  fo  that  a 
file  will  not  touch  it.  This  done,  apply 
two  powerful  magnetic  bars  to  its  ex- 
tremities ^ keep  them  in  that  fituation  for 
about  a minute,  taking  care  to  let  the  north 
pole  of  one  of  the  magnetic  bars  touch 
one  extremity  of  the  piece  of  fteel,  and 
the  fouth  pole  of  the  other  bar  touch 
the  oppofite  extremity  of  the  fteel  r then 
try  whether  the  piece  of  fteel  will  hold 
fufpended  a key  or  other  piece  of  iron  that 
may  be  at  hand.  Thus,  by  trying  feveral 
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pieces  of  fteel  of  different  forts,  and  t>y 
treating  them  all  alike,  you  will  eafily 
perceive  which  is  capable  of  lifting  the 
greateft  weight  of  iron,  and,  confequently, 
that  fort  of  fteel  is  the  fitted:  for  the  con- 
flrudlion  of  the  bars. 

The  dimenfions  of  thofe  bars  ought  to 
|iave  a certain  proportion,  otherwife  they 
will  not  be  capable  of  a very  great  power. 
The  ntoft  advantageous  lhape  is  when  the 
length  is  about  ten  times  the  breadth, 
and  about  twenty  times  the  thicknefs ; fo 
that  if  they  be  five  inches  long,  which  is 
the  moft  ufual  length,  they  ought  to  be 

about"  half  an  inch  broad,  and  about  a 

•• 

quarter  of  an  inch  in  diameter. — The 
cylindrical  bars  are  not  very  conveniently 
managed. 

« 

Some  perfons  have  deferibed  particular 
methods  of  hardening  fuch  bars,  v/z.  by 
plunging  them,  when  red  hot,  in  differ 
rent  liquors.  It  has  been  confidently  af- 
ferted,  that  to  put  them,  when  red-hot, 
in  a mixture  of  feraped  horn  and  common 
fait  is  very  advantageous ; but,  upon  the 
whole,  fimple  cold  water  feems  to  be  equal 
to  any  other  fubftance. 


It 
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It  is  immaterial  whether  thofe  bars  be 
polllhed  or  not;  but  it  will  be  better  to 
polifh  them;  in  that  ftate  being  lefs  apt  to 
contrad:  ruft.  One  extremity  of  each  bar 
is  generally  marked  with  a line  all  round, 
in  order  to  diftinguifh  one  pole  from  the 
other,  and  the  marked  end  is  ufually 
made  the  north'pole. 

To  each  fet  of  bars  there  always  belong 
two  pieces  of  foft  iron,  called fupports,  each 
of  which  is  equal  to  the  fize  of  half  one  of 
the  bars,  fo  that,  when  placed  contiguous  to 
one  another  in  one  direction,  they  may  be 
equal  to  one  of  the  bars.  Thefe  pieces 
of  iron  are  ufeful  when  fome  other  ferru  ^ 
ginous  bodies  are  to  be  rendered  magnetic, 
or  when  the  fame  fet  of  bars  is  to  be  flrength- 
cned  in  power. 

When  the  magnetic  bars  are.  kept  toge- 
ther, they  muft  be  placed  alternately  with  the 
marked  end  of  one  contiguous  to  the  un- 
marked end  of  the  next ; as  flaewn  in 
fig. 4. — The  method  of  rendering'thofe  bars 
magnetic  will  be  found  in  a fubfequent 
chapter. 

The  conflrudion  of  the  compafs  or  mag-  ■ 

ha  netic 
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netic  needle  has  undergone  a great  variety, 
and  'almoft  every  conftruftion  has  fome 
peculiar  advantages.  The  fimpleft  mag- 
netic needle  is  a common  fewing-needle 
made  magnetic,  and  either  fufpended  by 
means  of  a thread  tied  to  its  middle,  or  by 
laying  it  gently  on  the  furface  of  water 
kept  in  a veffel^  for  if  the  needle  be  fmall, 
it  will  fwim  upon  the  furface  of  the  wa- 
ter, notwithftanding  its  ipecific  gravity  is 
greater  than  that  of  water;  there  being  a 
kind  of  rcpuliion  between  water  and  fteel 
when  clean  ; or  perhaps  the  air  may  con- 
tribute to  it.  If  any  part  of  the  needle 
happens  to  get  a little  below  the  furface  of 
the  water,  then  the  needle  goes  immediate- 
ly to  the  bottom.  The  inconvenience 
attending  the  firft  of  the  above-mentioned 
'fufpenfions,  is  the 'ftiffiiefs  of  the  thread, 
even  of  the  fined  fort,  -which  prevents 
the  free  motion  of  the  needle.  The  prin- 
cipal inconveniences  attending  the  fecond 
are,  the  needle’s  generally  going  towards 
• the  fades  of  the  veffel,  and  its  going  to  the 
bottom  on  the  lead  agitation ; which  how- 
ever may  be  prevented  by  a piece  of  cork. 

The 
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The  more  general,  and  by  far  the  beft  fort 
of  fufpenfion  for  magnetic  needles,  is  to 
let  them  reft  horizontally  with  their, mid- 
dles upon  fharp-pointed  wires  fet  up  per- 
pendicularly in  a box  or  other  fupport.  The 
needle  for  this  purpofe  muft  have  a conical 
cavity  in  its  middle,  the  apex  of  which 
may  be  above  the  centre  of  the  needle  ; fo 
that  when  the  needle  is  laid  upon  the  wire, 
the  point  of  which  muft  be  in  the  apex  of 
the  conical  cavity,  its  centre  of  gravity 
may  be  below  that  point  of  fufpenftcm  ; 
otherwife  the  needle  would  fall  off  very 
cafily. 

In  order  to  anfwer  this  purpofe,  the 
needles  are  generally  pierced  quite  through 
with  a largilh  hole,  a piece  of  hammered 
brafs  is  then  rivetted  into  this  hole,  and  the 
conical  cavity  is  made  into  the  brafs,  fo 
that  the  apex  of  it  may  Itand  very  little 
above  the  upper  furface  of  the  needle,  as  at 
A,  fig.  5 of  plate  I.  In  this  conftrudion, 
the  point  of  the  wire  B,  the  very  top  of 
wdiich  is  often  made  of  hard  fteel,  whilft 
the  lower  part  is  of  brafs,  bears  againft 
the  brafs,  and,  notwithftanding  that  the 

L 2 brafs 
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brafs  be  hardened,  yet  by  continual  rubbing 
a fmall  indenture,  or  irregular  hole,  &c.  is 
often  made  therein,  which  occalions  a con- 
fiderable  obftrudlion  to  the  free  motion  of 
the  needle  ; to  obviate  which,  in  the  bed: 
needles  a piece  of  agate  is  fet  in  the  upper 
part  of  the  brafs,  and  the  apex  of  the  co- 
nical cavity  is  made  in  that  hard  ftone, 
which  renders  the  motion  of  the  needle 
very  free  and  cafy.  The  needles  thus  con- 
flrudled,  are  faid  to  he  furnilhed  witli  an 
agate  cap,  and  the  bed:  compaffes  made  for 
tlie  fea  have  this  fort  of  cap  Fig.  6. 
of  plate  I.  diews  a fedion  of  this  agate  cap 
in  the  brafs,  &c. 

As  a very  little  irregularity  in  the  diapc 
of  a piece  of  fteel  is  often  produdive  of 

■*  The  compafies  for  the  fea-fervice  formerly,  and 
fome  even  at  prefent,  are  made  in  the  following 
improper  manner : — the  brafs  cap  is  faftencd  to  the 
middle  of  a circular  card,  upon-  which  the  various 
points  of  the  horizon,  as  the  eaft,  weft.  See.  are 
marked  ; and  on  the  under  part  two  pieces  of  magne- 
tic fteel  are  ftuck  faft  to  it,  fo  as  to  lie  parallel,  and 
to  ftand  about  half  an  inch  diftant  from  one  another, 
the  pin  upon  which  the  whole  is  fufpended  paffing 
between  them. 
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more  than  two  magnetic  poles,  or  an  im- 
proper fituaticn  of  the  two  poles,  which 
mulf  be  always  avoided;  fome  perfons, 
having  objection  to  the  perforation  made 
through  the  needles,  have  thought  of  other 
fufpenfions,  in  which  the  perforation 
might  be  avoided;  the  beft  of  which  propo- 
lals  is  fliewn  in  fig.  7.  of  plate  I.  w’here 
the  magnetic  needle  A B is  faftened  to  a 
piece  of  brafs  C E D,  properly  bent:  in 
the  middle  of  it,  viz.  at^,  there  is  a fmali 
conical  cavity,  where  an  agate  cap  may  like- 
wife  be  applied.  In  order  to  fufpend  this 
needle,  a bar  F H,  fig.  8.  is  made  fad  to  the 
box  K L,  in  the  middle  of  which  bar  is  a 
pointed  pin  I,  upon  v/hich  the  cavity  of  the 
piece  of  brafs  that  is  faftened  to  the  needle, 
refts  ; the  needle  A B moving  below  the 
crofs-bar  F H,  and  this  crofs-bar  paffing 
between  the  needle  and  the  piece  of  brafs 
that  is  faftened  to  it,  viz.  througli  g of 
fig.  7. — It  is  evident,  that  the  needle,  in 
this  conftrudlion,  cannot  turn  quite  round; 
confequently,  this  fort  of  fufpenfion  is  not 
fit  for  the  life  of  velfels  at  fea. 

L 3 ThQ 
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The  Chinefe  method  of  fufpending  the 
magnetic  needle  is  exceedingly  ingenious. 
The  figures  9 and  to  of  plate  I.  reprefent 
this  needle  very  nearly  of  its  real  fize,  and 
in  tVv"o  points  of  view,  viz,  in  the  former 
the  eye  of  the  obferver  is  in  the  diredtion 
of  the  needle  ; but  in  the  latter,  the  eye 
views  the  needle  fideway  I is  a brafs  cap, 
very  thin  and  light,  and  towards  the  edge  of 
it  there  are  two  holes,  oppofite  to  each  other, 
B B is  a very  fender  flip  of  brafs,  the 
upper  part  of  which  at  A is  fiiaped  like 
a ring,  through  which  the  needle  C D 
palTes.  The  extremities  of  this  flip  of 
brafs  pafs  through  the  holes  in  the  edge 
of  the  cap  I,  and  are  faftened  to  it  by 
being  turned  over  its  edge.  The  magne* 
tic  needle  C D,  confifts  of  a cylindrical 
fleel  wire,  about  an  inch  long,  and  not 
above  a fortieth  of  an  inch  in  diameter; 
and,  in  order  to  diftinguifli  its  north  extre- 
mity, half  of  it  is  painted  red,  and  the  other 

* Thefe  drawings  were  made  from  fome  Chinefe 
compatTes,  brought  from  China  by  Dr,  James  Lind, 
a phyfician  at  Windfor.  I'he  needles  in  them  are 
Ycry  nearly  all  of  a fizc,  viz*  about  an  inch  long. 
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half  is  black.  All  this  is  fupported  by  the 
pin  E,  which  is  faftened  to  the  bottom 
of  the  box,  and  upon  which  it  moves 
very  nimbly.  In  this  conftrudlion,  not-- 
withftanding  the  needle  is  above  the 
centre  of  fufpenfion,  yet  the  centre  of 
gravity  of  all  the  three  pieces  that  are 
connedted  together,  is  below  the  point  of 
fufpenfion,  otherwife  it  could  not  be  fup- 
ported. To  prevent  the  needle  falling  off, 
when  the  compafs,  by  being  carried  about, 
is  turned  top-fide  down,  there  is  faftened 
to  the  box  a plate  of  very  thin  brafs,  a fec- 
tion  of  which  is  fhewn  by  F G ; it  has  a 
hole  through  the  middle,  which,  being 
fmaller  than  the  diameter  of  the  aperture 
of  the  brafs  cap,  prevents  its  receding  too 
much  from  the  point  of  the  wire  E,  and 
alfo  prevents  its  falling  fideway. 

From  repeated  experiments,  it  appears, 
that  the  perforation  through  the  magne- 
tic needle  is  of  no  detriment,  or  at  leaftnot 
fufficient  to  occafion  any  multiplicity  of 
poles,  or  to  prevent  the  needle’s  due  direc- 
tion. Its  external  ftaape  is  to  be  more 
minded,  the  irregularities  of  it  being  by 
far  more  detrimental.  The  little  fwelling 
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generally  made  about  its  middle,  in  order  to 
give  it  ftrength  juft  where  the  perfora- 
tion otherwife  weakens  it,  does  no  damage,  * 
provided  it  be  as  reprefented  in  fig.  1 1.  of 
plate  I.  and  not  made  with  points,  edges, 
or  other  irregularities,  for  the  fake  of  orna- 
ment. The  magnetic  needles,  made  for  the 
beft  compafles  ufed  at  fea,  are  confiderably 
broad,  and' a flender  brafs  ring  is  faftened  to 
their  extremities,  upon  which  the  card  or 
paper,  with  the  points  of  the  horizon 
marked  upon  it,  is  ftretched.  But  the  great 
objection  againft  broad  needles  is,  that  the 
two  poles  are  frequently  not  in  its  axis. 

It  would  be  therefore  more  proper  to  make 
them  rather  thick  than  broad ; becaufe,  if 
in  this  cafe  their  poles  happen  to  be  not  in 
its  axis,  but  one  be  at  D,  fig.  12.  plate  I. 
whilft  the  other  is  at  A,  they  cannot  affedt 
the  dirediion  of  the  needle,  being,  if  not 
in  its  axis,  at  leaft  in  the  fame  plane  with  it. 
The  moft  eligible  lliape,  therefore,  feems 
to  be  that  Ihewn  by  the  figures  ii  and  12, 
which  exhibit  two  views  of  the  fame  mag- 
netic needle. 

The  length  of  the  needles  commonly 
ufed  for  the  fea,  is  between  four  and  fix 

inches  ^ 

I 
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Inches;  but  thofe  which  are  to  be  ufed  fo 
obferving  the  daily  variation,  called  varla-- 
tion  needles^  are  made  longer,  fome  of  them, 
having  been  made  of  more  than  two  feet 
in  length,  in  order  to  render  their  devia- 
tion from  the  meridian  more  fenfible. 
However,  in  the  prefent  improved  ftate 
of  conftruiting  philofophical  inftruments, 
if  the  work  be  properly  done,  a needle  of 
about  eight  inches  length  will  diew  the  va- 
riation within  much  lefs  than  half  a mi- 
nute. 

Having  thus  far  deferibed  the  diiferent 
forts  of  fufpenfions,  I fhall  now  enumerate 
the  particulars  which  muft  be  had  in  view 
in  the  conftrudlion  of  magnetic  needles; 
and  fliall  then  proceed  to  deferibe  the  prin- 
cipal forts  of  magnetic  compalles. 

The  magnetic  needles  ought  to  be  made 
of  that  fort  of  fteel  which  is  the  moft 
fufceptible  of  magnetifii ; and  they  ought 
to  be  quite  hard,  to  retain  the  magnetic 
power  longer 

The  more  common  needles  are  improperly  brought 
down  to  a blue  temper  ; for  though  in  that  Hate  they 
acquire  the  magnetifiTi  much  eafier,  yet  they,  for  the 
fame  reafon,  lofe  it  much  eafier. 

The 
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The  fliape  ought  to  be  as  fimple  as  pbf- 
lible,  or  free  from  projedtions  and  other  ir- 
regularities, made  by  way  of  ornaments.  In 
fliort,  they  ought  to  be  conftrudted  fo  as 
to  have  only  two  magnetic  poles,  and  thofe 
in  that  fame  plane  which  paffes  through  the 
centre  of  fufpenfion 

They  fiiould  alfo  be  made  as  light  as 
pofTible,  in  order  to  diminifli  the,  fridlion 
on  the  point  of  fufpenfion ; which,  even 
when  the  needles  are  furnillied  with, agate 
caps,  occafions  fome  obftrudlion  againfl 
their  motion. 

The  agate  caps  muft  alfo  be  made  pro- 
perly, viz.  their  cavity  ought  to  be  per- 
feilly  conical  ^ which,  after  havingexamined 
feveral  of  them,  I can  aflert  to  be  feldom 
the  cafe;  and  indeed  it  is  very  diflicult  to 

* The  hardening  of  a piece  of  Reel  in  general,  by, 
the  ufual  method  of  plunging  it,  when  red-hot,  in  cold 
water,  frequently  alters  the  fhape  of  it  by  bending  it> 
cfpecially  when  the  piece  of  Reel  is  of  an  oblong  form 
for  which  reafon,  in  forming  the  magnetic  needles, 
they  ought  to  be  left  by  the  file  fomewhat  larger  than 
neceffary  ; becaufe,  after  the  hardening,  they  may  be 
brought  to  the  proper  fize  and  fhape  by  grinding  on  a 
Turkey-Rone. 

fliape 
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iliape  them  properly,  on  account  of  the 
hardnefs  of  the  ftone. 

The  magnetic  needles,  though  perfedlly 
balanced  before  the  magnetifm  is  commu- 
nicated to  them,  will  afterwards  incline 
one  of  their  extremities,  on  account  of  the 
dipping  property  of  every  magnet ; and,  in 
order  to  make  them  ftand  horizontally,  the 
other  extremity  is  loaded  with  a little 
weight,  or  the  preponderating  extremity 
muft  be  made  lighter  by  grinding;  the  lat- 
ter of  which  is  a very  improper  way,  be- 
caufe,  by  altering  the  inclination,  which 
happens  efpecially  when  the  needle  is  re- 
moved from  place  to  place,  its  horizon- 
tal poiition  is  foon  deftroyed,  in  which 
cafe  it  will  be  necellary  to  grind  one  end  off 
^gain. 

For  this  reafon  it  is  alfo  improper  to 
apply  a fixed  weight  to  one  end  of  the  nee- 
dle, which  is  fometimes  done  by  pier- 
cing a hole  through  the  fled,  and  putting 
a piece  of  brafs  wire  in  it,  fo  as  to  projed  a 
little  on  either  fide  of  the  needle.  The  beft 
way,  therefore,  of  adding  this  weight,  is 
to  put  a Hiding  piece  of  brafs  on  the  prepon- 
derating 
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' derating  extremity  of  the  needle;  for,  by  Hi- 
ding this  piece  of  brafs  nearer  to  or  farther 
from  the  centre  of  the  needle,  the  weight  of 
that  extremity  is  eafily  altered  when  re- 
quired. 

The  principal  forts  of  magnetic  compaf- 
fes  are  four,  viz,  the  magnetic  needle, 
fimply  fufpended  in  a box;  the  mariner’s 
compafs,  or  that  ufed  at  fea ; the  azimuth 
compafs,  or  that  which  is  ufed  principally 
at  fea  in  order  to  find  the  declination  of  the 
needle  at  any  placed;  and  the  variation 
compafs,  which,  being  fixed  in  a convenient 
place  on  land,  ferves  to  fliew  tlie  daily  vari- 
ation. 

The  firfl:  of  thofe  fpecies  requires  no  far- 
ther defeription,  than  what  may  be  derived 
from  the  preceding  pages. 

The  fecond,  or  mariner’s  compafs,  con- 
fifis  of  three  parts,  viz,  the  box,  the  card  or 
fiy,  and  the  needle ; fee  fig.  13.  of  plate  I. 

■*  This  is  called  the  azimuth  cempafsy  becaufe  it 
ferves  to  find  the  variation  by  obferving  the  azimuth 
of  a ccieftial  obje£f  ; the  azimuth  being  an  arch  of  the 
horizon,  contained  between  the  north  or  fouth  and  the 
point  where  a plane,  which  pafl'es  through  the  zenith 
ind  the  celeflial  objedf,  cuts  the  horizon. 
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The  box,  which  contains  the'card  and  nee- 
dle, is  made  of  a circular  foi'm,  and  either 
of  wood  or  brafs.  It  is  fufpended  within 
a fquare  wooden  box,  by  means  of  two 
concentric  circles,  called  jimbols,  fo  fixed 
by  cr  ofs  centres  to  the  two  boxes,  that  the 
inner  one,  or  cornpafs  box,  (hall  retain  an 
horizontal  pofitlon  in  all  motions  of  the 
fhip,  whilft  the  outer  or  fquare  box  is  fall 
with  refpedl  to  the  veffel  The  cornpafs 
box  is  covered  with  a pane  of  glafs,  in  order 
that  the  motion  of  the  card  may  not  be  dif- 
turbed  by  the  wind.  Refpedling  the  con- 
ftrudtionof  the  needle,  enough  has  been  faid 
in  the  preceding  pages ; there  remains  only 
to  deferibe  the  card  or  fly.  The  outer  edge 
of  this  card  is  divided  into  360  degrees; 
within  the  circle  of  which  diviflons-  it  is 

divided  again  into  32  equal  parts  or  arches, 

• 

called  the  points  of  the  cornpafs^  or  rhumbs  y 
which  rhumbs  are  fubdivided  into  quar- 
ters. 


* Sometimes  the  jimbols  confift  of  one  circle,  the 
axes  of  which  are  fupported  by  the  fquare  bex,  vvhilib 

the  axes  of  the  cornpafs  box  are  juft  acrofs  the  for- 
mer. 
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The  names  of  thofe  rhumbs,  beginning 
from  the  north  point,  and  going  all  round, 
are  the  following  : the  letters  {landing  N. 


for  north j E.  for  eafl 
for  weft. 

. N; 

N.  by  E. 

N.  N.E.  . 

N.  E.  by  N. 

N.  E. 

N.  E.  by  E. 

E.  N.  E. 

E.  by  N. 

E. 

E by  S. 

E.  S.  E. 

S.  E.  by  E, 

S.  E. 

S.  E.  by  S. 

s.  s;e. 

S.  by  E. 


S.  forfouthj  and  W. 

S. 

S,  byW. 

s.  s!  W. 

S.  W.  by  S. 

S.  W. 

S.  W.  by  W. 
W.  S.  W.  , 
W.  by  S. 

W. 

W.  by  N. 

W.  N.  W. 

N.  W.  by  W. 

N.  W. 

N.  W.  by  N. 

N.  N.  W. 

‘ N.  by  W. 
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TABLE, 


Shewing  the  angles  which  every  rhumb,  and  every 
quarter  of  a rhumb,  makes  with  the  meridian. 


North.  1 

North. 

South. 

South.  ' 

ilhumbs. 

Deg.  Min. 

« 1 
1 

N.  by  E. 

n/  by  W. 

S.  by  E. 

S.  by  W. 

O 1 

O i 

O i 

J o 

2.  49. 

5-  37z 
8.  26. 

II.  15. 

) 1 
N.  N.  E. 

N.  N.  W. 

S.  S.  E. 

S.  S.  W. 

I i 
I i 

1 1 

2 O 

14.  04. 

i6.  52I 

19.  41. 

22.  30. 

M.E.byN- 

N.W.  by  N. 

SE.  by  S. 

S.  W.  by  S. 

2 i 
2 I 

2 i 

3 o 

25.  19. 

28.  07I- 

33-  45* 

N.  E. 

N.  W. 

S.  E. 

]S.  w. 

3 i 
3 I 

3 4 

4 o 

36.  34. 

39.  22f 

42.  n./ 
45.  00. 

N.E.byE. 
i - 

N.W.  by  W. 

S.E.byE. 

/ 

S.  W.  byW, 

4 4 

4 i 

d.  ^ 
4-  4- 

5 o 

47*  49* 
50-  37f 
S3*  26. 

56,  15. 

i 

1 

h.  N.  E. 

w.  N.  W. 

E.  S,  E. 

W.  S.  W. 

5 i 
5 i 

5 i 

6 o 

59.  04. 

61.  C2f 
64.  41. 

67.  30. 

L.  by  N. 

W.  by  N. 

E.  by  S. 

W.  by  S. 

1 ^ i 
6 1 

6 i 

7 o 

70.  19. 

73*  07I 
75.  56. 

78.  45. 

81.  34. 

84.  22J 

1 87.  11. 

I 90.  CO. 

« 

1 Eafl. 

1 Weft. 

Eaft. 

Weft. 

7 i 

r i 

7 4 

8 o 

I’  Notwithftandinq; 
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Notwithftanding  the  contrivance  of  the 
jimbols,  the  irregular  motion  of  the  com- 
pafs  in  a rough  fea  is,  as  yet,  a confider- 
able  imperfedticn  attending  the  ufe  of  it 
in  veflcls.  This  inconvenience  has  been 
attempted  to  be  remedied  by  various 
means,  fome  of  which  are  abfolutely 
wrong,  whilfi:  ethers  have  very  little 
effedt.  The  lead  ikilled  fort  of  feamcn 
don't  like  to  have  the  needle  of  their 
compafs  too  powerfully  magnetic,  be- 
eaufe,  they  fay,  then  the  needle  is  not 
fleady.  The  fail  is,  that  when  the  needle 
is  not  very  ftrongly  magnetic,  it  follows 
the  irregularity  of  the  fhip’s  motion  more 
eafily,  which  renders  it  apparently  more 
Heady  s but  it  muft  be  confidered,  that  the 
very  fame  eaufe  which  makes  it  follow  the 
irregular  motion  of  the  Ihip  more  eafily, 
prevents,  in  an  equal  proportion,  its  pla- 
cing itfelf  in  the  magnetic  meridian  ; con- 
fequently,  this  fort  of  remedy  is  a very 
improper  one.  With  the  fame  degree  of 
impropriety,  the  corredtion  of  this  ob- 
ftrudion  has  been  often  attempted,  by  in- 
creafing  the  fridlion  between  the  cap  of 

the 
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the  needle  and  the  pointed  wire  upon 
which  it  ftands  fufpended. 

Sometimes  they  have  ftuck  a few  pieces 
of  paper,  like  wings,  on  the  under  fide  of 
the  card,  which,  by  making  a refiflance 
againft  the  air  in  the  box,  prevented  the 
vibrations  of  the  needle.  For  this  pur- 
pofe,  it  has  alfo  been  propofed  to  let  the 
needle  move  in  oil  or  fome  other  liquor, 
keeping  it  ftill  fufpended  upon  the  pin  as 
ufual,  in  , order  to  let  it  move  concentric 
with  the  box ; the  oil  ferving  only  to  check ' 
its  vibrations. 

Laflily;  it  has  been  pradlifed  to  fufpend 
the  box,  which  contains  the  needle,  upon 
a pointed  wire  infiiead  of  the  jimbols.  For 
which  purpofe,  the  bottom  of  the  box  has 

been  made  conical,  like  the  bottoms  of 

1 

common  wine  bottles  ; the  apex  of  which 
cone  refled  upon  the  pointed  wire,  and 
the  convex  fide  of  the  faid  apex,  or  that 
part  of  it  which  came  within  the  box,  fup- 
ported  the  needle  : but,  upon  enquiry,  I am 
told,  that  at  fea  none  of  thofe  contrivances 
anfwer  better  than  the  compafs  fupported 
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injimbols,  and  conftrufled  with* the  pr^-^ 
cautions  mentioned  above. 

The  azimuth  compafs  is  nothing  mor6^ 
than  the  forementioned  compafs ; to  which 
two  fights  are  adapted,  through  which  the 
fun  is  to  be  feen,  in  order  to  find  its  .azi- 
muth, and  from  thence  afcertain  the  de- 
clination of  the  magnetic  needle,  in  the 
manner  hereafter  to  be  fhewn.  This  fort  of 
compafs  is  reprefented  by  fig.  14.  The  par- 
ticulars in  which  it  differs  from  the  ufual 
compafs  are  the  following  : viz.  the  fights 
F,  G,  in  one  of  which  G there  is  an  oblong 
aperture  with  a perpendicular  thread  or 
wire  through  it ; and  in  the  other  fight  F 
there  is  a narrow  flit,  likewife  perpendi- 
cular; the  thread  or  wire  H I,  ftretched 
from  one  edge  of  the  box  to  the  other- 
and  lafily,  the  ring  A B of  the  jimbols 
refls  with  its  pivots  on  the  femicircle  C D, 
the  foot  E of  which  turns  in  a focket, 
fo  that,  whilfl  the  box  K L M is  kept 
Ileady,  the  compafs  may  be  turned  round, 
in  order  to  place- the  fights  F G in  tlie 
direction  of  the  fun.  There  are  on  the 

infide 
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infide  of  the  box  two  lines,  which  fall 
perpendicularly  along  the  lides  of  the  box, 
juft  from  the  points  where  the  thread 
H I touches  the  edge  of  the  box*  Thefe 
lines  ferve  to  ftiew  how  many  degrees 
the  north  or  fouth  pole  of  the  needle 
is  diftant  from  the  azimuth  of  the  fun; 
for  which  reafon^  the  middle  of  the 
aperture  of  the  fights  F and  G,  the  thread 
•H  I,  and  the  faid  lines,  muft  be  exadlly  in 
the  fame  vertical  plane.  The  ufe  of  the 
thread,  which  is  often  omitted  in  inftru- 
ments  of  this  fort,  is  likewife  to  fliew 
the  degrees  between  the  magnetic  meri- 
dian and  the  azimuth,  when  the  eye  of 
the  obferver  ftands  perpendicularly  over 
it.  On  the  fide  of  the  box  of  this  fort 
of  compalTes,  there  is  generally  a nut 
or  ftop,  which,  when  puftied,  bears 
againft  the  card  and  ftops  it;  which  is 
done  in  order  to  read  more  conveniently 
the  degree  of  the  card  which  coincides 
with  one  of  the  perpendicular  lines  on  the 
infide  of  the  box. 

The  variation  compafs,  being  intended 
to  fhew  the  daily  variation  of  the  mag- 

M 2 netic. 


ID4  Practical  Magnetis5K 

netic  needle  on  land,  is  generally  made 
longer  than  thofe  ufed  at  fea^  and,  as  it 
is  not  necelTary  to  turn  it  round,  the' 
box,  inftead  of  being  circular,  is  oblong, 
fo  that,  when  the  box  is  kept  fteady,  the^ 
needle  can  move  itfelf  for  the  fpace  of 
about  40  or  50  degrees.  The  divided  ar- 
ches are  either  within  the  box,  or  upon  an 
horizontal  frame  out  of  the  box  ; and  then 
the  compafs  is  faftened  on  the  index,  which 
moves  round  the  centre  of  the  divided  arch 
or  arches,  and  on  the  edge  of  which  there  is 
a nonius,  neceffary  to  Ihew  the  parts  of  the 
degrees.  In  this  laft  conftrudtion,  the 
index,  which,  as  has  been  juft  mention- 
ed, carries  the  compafs,  muft  be  moved 
fo  as  to  let  its  fiducial  line  coincide  with 
the  line  which  pafles  through  the  poles 
and  centre  of  fufpenfion  of  the  needle; 
then  the  extremity  of  the  index  will 
point  out  the  variation,  on  the  divided- 
arch,  in  degrees  and  minutes.  But  when  the 
divided  arches  are  within  the  box,  then 
the  variation  is  known  by  only  obferving 
the  divifions,  which  coincide  with  the  axis 

of  the  needle. 
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In  both  conftruftions,  it  is  evident,  that 
the  beginning  of  the  divifions  of  the  di- 
vided arch  or  arches  muft  be  placed  ex- 
adtly  in  the  meridian  oi  the  place,  or  its 
deviation  from  the  meridian  muft  be  ac- 
curately known,  in  order  that,  in  reading 
the  degrees  of  magnetic  variation,  a pro- 
per allowance  may  be  made. 

Thofe  compafles  are  fixed  in  the  plane 
of  the  meridian,  by  looking  at  a meridian 
mark  made  at  fome  diftance,  through  a 
telefcope  which  is  generally  affixed  to 
them;  or  by  fituating  them  on  a meridian 
line  drawn  in  the  place  where  they  are  to 
be  fixed*  But  for  the  method  of  findincr 
the  true  meridian  of  any  place,  the  reader 
muft  be  referred  to  aftronomical  books,  it 
being  an  objedl  foreign  from  the  fubjeft, 
of  this  work. 

After  what  has  been  faid  in  the  preced- 
ing pages,  it  is  almoft  fuperfluous  to  ob- 
ferve,  that  in  the  conftrudlion  as  well  as 
in  the  fituation  of  the  compafles,  iron 
muft  be  kept  at  a diftance  as  much  as  pofli- 
ble  ; making  the  parts  of  thofe  inftruments 
moftly  of  wood,  or,  where  wood  cannot 
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be  properly  employed,  on  account  of  the 
divifions,  ftrength  of  the  parts,  &c.  to 
make  ufe  of  fuch  brafs,  as,  upon  examina- 
tion, is  found  not  to  affedl  the  magnetic 
needle. 

The  dipping  needle,  though  of  late 
vaftly  improved,  is  ftill  far  from  having 
attained  to  any  perfeftion.  The  general 
way  of  conftruiling  it  is,  to  pafs  an  axis 
quite  through  the  needle ; to  let  the  ex- 
tremities of  this  axis,  like  the  beam  of  a 
pair  of  fcales,  reft  upon  two  fupports, 
fo  that  the  needle  may  move  itfelf  verti- 
cally round  that  axis ; hence,  when  fituated 
in  the  magnetic  meridian,  it  will  place 
itfelf  in  the  magnetic  line,  and  the  de- 
grees of  its  inclination  are  fhewn  upon  a 
divided  circle,  in  the  centre  of  which  the 
needle  is  fufpended. — Fig.  15.  is  a repre- 
fentation  of  this  inftrument;  AB  being 
the  needle,  the  axis  of  which  F E refts 
upon  the  middle  of  the  two  lateral  bars 
C D,  C D,  which  are  made  faft  to  the  di- 
vided  circle  This  machine  is  ge- 

nerally placed  upon  a ftand  G ; but  when 
it  is  to  be  ufed  at  fea,  is  fufpended  by 

a ring 
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a ring  H to‘  a proper  frame,  fo  as  to  hang 
perpendicularly.  When  the  inftrument  is 
furnilhed  with  a ftand,  a fpirit  level  is  ge- 
nerally annexed  to  it,  and  the  ftand  has 
three  fcrews,  by  which  the  inftrument  is 
properly  lituated,  viz*  fo  as  to  let  the 
centre  of  motion  of  the  needle,  and  the 
mark  of  90''  on  the  lower  part  of  the 
divided  circle,/De  exadtly  in  the  fame  line, 
perpendicular  to  the  horizon. 

, , The  greateft  imperfedlions  of  this  in- 
ftrument are,  the  balancing  of  the  needle, 
and  the  difficulty  of  knowing  whether 
the  needle,  after  being  made  magnetic,  is 
balanced  or  not ; for,  though  it  may  have 
been  perfectly  balanced  before,  (which  is 
afcertained  by  its  remaining  in  whatever 
lituatioh  it  may  be  left)  yet  afterwards, 
by  the  adhefion  of  moifturc  or  other  ex- 
traneous matter,  it  may  eafily  lofe  its  ba- 
lance, which  cannot  be  known  with  cer- 
tainty after  being  made  magnetic. 

The  method  which  feems  the  fitteft  to 
avoid  the  error  ariling  from  the  want  of 
balance,  is,  firft  to  obferve  the  dip  of  the 
needle,  then  to  reverfe  its  magnetifm,  by  the 
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application  ''of  magnets,  fo  that  the  end 
of  it  which  before  was  elevated  above  the 
horizon  may  now  be  below  it ; and  laftly, 
to  obferve  its  dip  again  ; for  a mean  of 
the  two  obfervations  will  be  "pretty  near 
the  truth,  though  the  needle  may  not  be 
perfedlly  balanced.  But  of  this  more  in 
a fubfequent  chapter. 

I fhall  now  add  the  defeription  of  an 
univerfal  magnetic  needle  ; viz.  a magne- 
tic needle  which  fliews  at  the  fame  time 
the  horizontal  and  vertical  diredlion  of  th^ 
magnet,  or,  more  properly  fpeaking,  places 
it'felf  in  the  magnetical  line ; whereas 
the  dipping  needle,  deferibed  before,  muft 
be  placed  in  the  magnetic  meridian.  This 
univerfal  needle  was  contrived  by  Dr. 
Lorimer,  and  a defeription  thereof  pub- 
lifhed  in  the  firft  part  of  the  65th  vol, 
of  the  Phil.  Tranf. ; from  whence  it  is 
tranferibed. 

Defeription  of  a new  dipping  needle y by 
Dr.  J.  Lorimer,  in  a letter  to  Sir  John 
Pringle,  Bart.  P.  R.  S. 

Whenever  any  one  meets  with  a 
terrelluy  or  . fpherical  loadftone,  the  firft 
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thing  he  does  is  to  find  out  its  poles;  and, 
having  once  difcovered  them,  he  knows 
immediately  how  any  fmall  bit  of  needle 
will  be  afteded,  if  it  is  placed  upon  any 
part  of  the  furface  of  that  terrella.  The 
poles  are  mofi:  readily  difcovered  by  trying 
where  the  filings  of  iron,  or  a fmall  bit  of 
needle,  will  Hand  ered:  upon  the  terrella ; 
and  this  is  generally  found  to  be  upon  two 
points  which  are  diametrically  oppofite  to 
one  another.  But  the  magnetic  poles  of 
the  earth  feem  to  be  placed  obliquely  to 
one  another  (fee  the  Berlin  Memoirs, 
1757)  y though  where  they  are  adually 
fituated  is  hitherto  unkaowm  ; W’hether 
they  are  upon  land  or  water  ; or,  in  either 
cafe,  whether  we  can  come  nigh  to  them. 
Yet  be  thefe  things  as  they  may,  it  appears 
evident  to  me,  that  accurate  obfervations, 
made  as  near  to  thofe  magnetic  poles  as 
poflible,  with  a good  dipping  needle,  is 
the  furefi:  way  to  complete  the  magnetic 
theory  of  this  globe,  analogous  to  the 
method  we  purlue  in  examining  the  ter-- 
vellci*  But,  as  all  the  dipping  needles 
which  I have  feen,  appeared  to  me  to  be 

very 


170  Practical  Magnetism. 

very  ill  calculated,  for  the  fea  fervice  at 
leaf!:,  I contrived  one  upon  a different 
plan,  in  1764,  and  had  it  executed  before 
I left  England,  by  Mr.  Silfon,  I have 
called  it  an  univerfal  magnetic  needle^  or" 
obfervation  compafs ; becaufe  I can  by  it 
take  the  dip  and  amplitude,  and  even  the 
azimuth,  with  only  one  affiftant  to  take 
the  altitude  for  me.  The  needle  is  of  the 
fame  fliape  and  fize  nearly  as  thofe  ufed 
now  for  the  compaffes  of  the  royal  navy, 
and  plays  vertically  upon  its  own  axis, 
which  has  two  conical  points,  llightly 
fupported  in  two  correfponding  fockets, 
which  are  inferted  into  the  oppofite  fides 
of  a fmall  upright  brafs  parallelogram, 
about  one  inch  and  a half  broad,  and  fix 
inches  high.  Into  this  ‘ parallelogram  is 
fixed,  at  right  angles,  a flender  brafs  cir- 
cle, about  fix  inches  diameter,  filvered 
and  graduated  to  every  half  degree,  ^ipon 
which  the  needle  fliews  the  dip,  by  a wr- 
nier  if  you  choofe ; and  this,  for  the  fake 
of  diftinition,  I fhall  call  the  circle  of 
magnetic  inclination.  This  brafs  paral-, 
lelogram,  and  confequently  the  circle  of 
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inclination,  alfo  turns  horizontally  upon 
two  other  pivots,  the  one  above,  and  the 
other  below,  with  correfponding  fockets 
in  the  parallelogram.  Thefe  pivots  arc 
fixed  in  a vertical  brafs  circle,  of  the 
breadth  and  thicknefs  of  two  tenths  of  an 
inch,  and  of  fuch  a diameter,  as  to  allow 
the  circle  of  inclination  and  the  parallelo- 
gram to  move  freely  round  within  it. 
This  fecond  circle  I fhall  call  the  general 
meridian.  It  is  not  graduated,  but  has  a 
fmall  brafs  weight  fixed  to  the  lower  part 
of  it,  to  keep  it  upright ; and  the  circle 
itfelf  is  fcrewed,  at  right  angles,  into  ano- 
ther circle,  of  equal  internal  diameter,  of 
the  fame  thicknefs,  and  twice  the  breadth, 
which  is  filvered,  and  graduated  on  the 
upper  fide  to  every  half  degree.  It  re- 
prefents  the  horizon  as  it  fwings  freely 
upon  jimbols,  and  is  always  nearly  pa- 
rallel to  it.  The  whole  is  contained  in  a 
neat  mahogany  box,  of  an  odlagon  figure, 
with  a glafs  plate  at  top,  and  one  on  each 
fide,  for  about  two  thirds  down.  That 
part  of  the  frame  which  contains  the  glafs 
lifts  off  occafionally.  The  whole  box 

turns 
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turns  round  upon  a ftrong  brafs  centre, 
fixed  in  a double  plate  of  mahogany, 
glewed  together  crofs  ways,  to  prevent 
its  warping  or  fplitting'5  and  this  again  is 
fupported  by  three  brafs  feet,  fuch  as  are 
ufed  for  cafes  of  table  knives  ; frofted  that 
they  may  not  e^fily  flip,  if  the  veflTel  fliould 
have  any  confiderable  motion.  It.  has 
another  fquare  deal  box  to  lock  it  up  in, 
to  preferve  the  glafs,  &c.  when  it  is  not 
wanted  for  ufe. 

f » ^ 

The  ufe  of  this  inilrument  is  very 
plain,  as  the  inclination  or  dip  is  at  any 
time  apparent  from  infpedlion  only;  and 
alfo  the  variation,  if  the  frame  is  turned 
round  till  the  great  vertical  circle  lies  ex- 
actly in  the  plane  of  the  true  meridian  : 
for,  the  circle  of  inclination  being  always 
in  the  needle’s  vertical  plane,  the  edge  of 
it  will  evidently  point  out  upon  the  hori- 
zon the  variation  eaft  or  weft.  But  at  fea, 
when  there  'is  not  too  much  motion,  you 
turn  the  frame  round  till  the  vertical  cir- 
cle is  in  the  plane  of  the  fun’s  rays ; that 
is,  till  the  fliadow  of  the  one  fide  of  it 
juft  covers  the  other,  and  the  edge  of  the 

circle 
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circle  of  inclination  will  then  give  the 
magnetic  amplitude,  if  the  fun  is  rifing 
or  fetting ; but  the  azimuth  at  all  other 
times  of  the  day  ; and,  the  true  amplitude 
or  azimuth  being  found  in  the  ufual  way, 
the  difference  is  the  variation.  If  the 
motion  is  conliderable,  obferve  the  ex- 
tremes of  the  vibration,  and  take  the 
mean  for  your  magnetic  amplitude  or 
azimuth.  When  the  fun  does  not  fhine 
fo  bright  as  to  give  a fhadow,  you  can 
fet  the  brafs  circle  in  a line  with  his  body, 
if  he  is  at  all  vifible,  by  your  eye.  The 
principal  advantage  at  firft  aimed  at  in  this 
compafs  was,  to  contrive  a dipping  needle, 
which  fhould  be  fufficient  for  making 
obfervations  at  fea ; as  thofe  needles,  to 
be  of  ufe,  muft  be  placed,  by  fome  means 
or  other,  in  fuch  a manner,  as  that  all 
their  vibrations  fhall  be  made  in  the  true 
magnetic  meridian,  north  and  fouth,  other- 
wife  they  are  good  for  nothing.  For  if 
one  of . them  is  placed  at  right  angles, 
acrofs  the  magnetic  line,  it  will  ftand 
perpendicularly  up  and  down,  in  any  part 
of  the  world  ; the  lead:  dip,  therefore,  is 

alway 
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always  in  this  magnetic  line.  But  the 
only  method  of  fetting  a dipping  needle 
at  fea  has  hitherto  been  to  place  it  in  a 
line  with  the  common  compafs  needle- 
and  this  muft  be  very  inaccurate,  if  they 
are  at  any  confiderable  diftance  one  from 
the  others  or  if  they  were  near,  the  two 
needles  would  influence  one  another,  and 
neither  of  them  could  be  true  : nay,  fup- 
pofing  them  for  once  to  be  properly  pla- 
ced in  this  line,  the  leaft  motion  of  the 
(hip  throws  them  out  again.  But  this 
inftrument  has  a conifant’ power  in  itfelf, 
not  only  of  fetting  itfelf  in  the  proper 
pofition,  but  alfo  of  keeping  itfelf  fo  ; or 
of  refioring  itfelf  to  the  fame  fituation,  if 
at  any  time  it  has  loft  it ; and  it  is  curious 
to  fee  how,  by  its  double  motion,  it  coun- 
tcrads,  as  it  were,  the  rolling  motion  of 
the  veflel.  I have  only  one  thing  farther 
to  obfcrve,  that,  as  it  is  impoflible  for 
human  hands  to  make  any  inftrument  ma- 
thematically true,  fo,  when  we  have  two 
graduations  to  look  to,  as  in  the  prefent 
cafe,  one  on  the  north,  and  the  other  on 
the  fouth  end  of  the  needle,  we  ought  to 

attend 


Practical  Magnetism.  175 

attend  to  both,  and  take  the  medium  for 
the  true  dip  or  variation,  pretty  nearly. 
But  in  this  compafs  there  is  another  me- 
thod of  examining  the  obfervations.  Take 
a good  artificial  magnet,  and  on  the  out- 
fide  of  the  compafs  box  point  one  end  of 
it  towards  the  needle,  and  by  moving  your 
magnet,  you  may  thus  guide  the  north- 

fo 

end  of  the  needle  round  the  fouth,  or 
vice  verfdy  without  opening  your  compafs 
box.  The  magnet  being  then  laid  afide, 
the  needle  will  come  to  its  true  pofition, 
after  a few  vibrations : but,  as  both  the 
needle  and  the  circle  of  inclination  are 
now  reverfed  it  will  not  point  exadlly 
to  the  fame  divifion  as  before  ; yet  a mean 
of  the  two  will  be  the  truth,  as  nearly,  1 
believe,  as  it  is  poffible  for  any  inftrument 
to  give  it. 

Query  ift.  May  not  a part  of  this 
fmall  difference  be  attributed  to  the  direc- 

* Dr.  Lorimer  means,  that  the  magnet  fhould-be 
applied  in  fuch  manner  as  to  turn  the  parallelogram 
and  circle  of  inclination  half  way  round  horizon- 
tally,  fo  that  that  end  of  the  axis  of  the  needle,  which 

befo/c  pointed  to  the  weft,  fhall  now  point  to  the 
eaft. 
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tion  of  the  magnetic  influence  (whatever 
that  be)  in  the.fteel  bar?  and,  if  fuch  an^ 
experiment  could  be  tried  upon  the  pre- 
fent  azimuth  compalTes,  is  it  not  probable, 
that  the  variation  in  them  would  be  at 
lead:  as  fenfible  ? — Query  2d.  May  not 
this  be  the  caufe  that  two  of  the  bed;  of 
them  will  differ  a friiall  matter  from  one  an- 
other ? — Query  3d.  Would  the  ends  of  the 
needle  being  made  angular,  inflead  of  the 
fquare  form,  be,  in  fome  meafure,  a re- 
medy for  this  fmall  variation  ? 

I am,  &c.” 

The  great  objedtion,  which  feems  to  of- 
fer itfelf  againft'the  above-defcribed  in- 
llrument,  is  the  friftion,  which,  efpecially 
at  the  pivots  of  the  circle  of  inclination, 
may  obflrudl  the  free  motion  of  the  nee- 
dle.— ^It  certainly  requires  a mod:  exqui- 
fite  workmanfhip;  and  the  fockets  wherein 
the  pivots  move  ought  to  be  made  of 
agate. 
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CHAPTER  II. 

Experiments  necejfary  to  afcertain  the  pre^ 
fence  and  quality  of  magnet ifm. 

TH  E objed:  of  the  experiments  of 
this  Chapter  is  to  fbew  the  me- 
thods of  finding  out  whether  or  no  a 
body  is  attradible  by  the  magnet,  whe- 
ther it  poflelTes  any  magnetifm  or  not,  and, 
in  cafe  it  does,  to  find  out  its  poles. 

Experiment  I. 

V 

^0  afcertain  whether  a body  has  any  attract 
tion  towards  the  magnet  or  not^ 

The  various  degrees  of  attradion  be- 
tween a magnet  and  ferruginous  bodies, 
require  dilferent  methods,  in  order  to  be 
rendered  manifeft. 

If  the  given"  body  contain  an  evident 
quantity  of  iron,  the  operator  needs  only 
bring  an  artificial  or  real  magnet  in  con- 
tad  with  it,  and  he  will  foon  perceive 
that  there  requires  a certain  force  to  fe- 

N parate 
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parate  them  again  ; th^  quantity  of  which 
force  fliews  the  degree  of  attradlion  be- 
tween the  given  body  and  the  magnet : 
thus,  vyhen  two  ounces  weight  are  re- 
quired to  feparate  them,  the  attradlion  is 
as  ftrong  again  as  when  one  ounce  only  is 
fiifficient.  In  this  examination,  care  muft 
be  had  to  let  the  magnet  and  body  exa- 
mined alv/ays  prefent  fimilar  furfaces  to 
each  other,  and  to  come  quite  into  contad:;, 
otherwife,  in  examining  different  bodies,  it 
will  be  impoflible  to  compare  their  va- 
rious degrees  of  attradion  towards  the  fame 
magnet. 

If  the  given  body  be  not  fenfibly  at- 
traded  by  the  magnet,  when  tried  in  the 
above-mentioned  way  ; then  it  muft  be 
put  to  fwim  upon  fome  w’ater  kept  in  an 
earthen  or  wooden  veftel,  by  means  of  a 
piece  of  cork  or  wood ; for  if  in  that 
fituation  the  magnet  be  brought  fideway 
of  it,  the  attradion  will  be  foon  manifeft- 

I 

ed  by  the  body  coming  towards  the  mag- 
net. It  will  be  neceflary  fometimes  to 
bring  the  magnet  within  about  one  tenth 
of  an  inch  diftance  of  the  fwimming  body, 

in 
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in  order  to  perceive  the  attraftion;  in 
which  cafe,  as  the  body  advances  towards 
the  magnet,  this  muft  be  gradually  with- 
drawn, taking  care  not  to  let  them  ftrike 
againft  each  other  * otherwife,  after  the 
impulfe,  the  body,  if  hard,  will  generally 
recede.  It  muft  be  alfo  obferved,  to  pre- 
fent  the  magnet  to  the  body,  when  the  lat- 
ter is  at  reft. 

A ftill  fmaller  degree  of  attraction,  than 
what  may  be  obferved  by  the  ufe  of  water,  - 
may  be  difcovered,  by  placing  the  given 
body  to  fwim  upon  quicklilver,  and  by 
prefenting  the  magnet  to  it,  in  which  cafe* 
it  will  move  furprifingly  nimble. 

In  this  method,  the  following  par- 
ticulars muft  be  minded,  viz,  the  aper- 
ture of  the  velfel,  in  which  the  quick- 
filver  is  kept,  muft  be  at  leaft  fix  inches 
in  diameter ; otherwife,  as  the  furface  of 
the  quicklilver  defcends  near  the  fides  of 
the  velfel,  and  that  curvature  is  proper-* 
tionably  greater  in  narrow  velfels  than  in 
larger  ones,  the  floating  body,  when  the 
quickfilver  is  kept  in  a velfel  of  three 
or  four  inches,  will  be  perpetually  run- 

N a 
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nlng  towards  the  fides  The  quick- 
filver  muft  be  very  pure ; but,  as  it  is 
very  difficult  to  find  it,  or  to  prefcrve  it 
pure,  it  mufi:  be  frequently  pafled  through 
a funnel  of  paper,  viz.  a piece  of  writing 
paper  rolled  up  conically,  and  having  a 
fmall  aperture  of  about  a fortieth  of  an 
inch  in  diameter  ; for,  if  the  quickfilver 
be  impure,  the  floating  body  will  move 
with  lefs  facility  upon  it  than  upon  wa- 
ter. The  air  about  it  mufl  not  be  diflurb- 
cd  much,  in  order  to  keep  the  body  with- 
out motion,  in  which  ftateone  of  the  poles 
of  a ftrong  magnet  is  to  be  prefented  on 
one  fide  of  it,  in  the  fame  manner  as  when 
the  experiment  is  tried  on  water  3 follow- 
ing the  fame  precautions. 

Experiment  II. 

afcertain  voh ether  a given  body  has  any 
magnet ijm  or  not. 

This  experiment  requires  exadtly  the. 
fame  operations  as  the  firft,  with  only  this 
difference,  viz.  that  in  this  the  given  body, 

* A common  foup  plate  is  very. fit  for  this  purpofe. 

in 
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In  cafe  it  has  not  magnetifm  fufficient  to 
fhew  itfelf  by  a fenfible  degree  of  attradlion 
when  apiece  of  iron  is  prefented  to  it,  mud: 
be  placed  to  fwim  upon  water  or  quickfil- 
ver ; and,  inftead  of  the  magnet,  as  ufed  im 
the  firfl  experiment,  a piece  of  foft  and* 
clean  iron  mud;  be  approached  to  it,  with 
the  fame  precautions ; for,  if  the  body  have 
any  magnetifm,  it  will  be  foon  attracted  by: 
the  piece  of  iron,  which,  for  this  experi- 
ment, mud:  not  be  very  long  nor  very 
heavy  ^ a piece  of  about  half  an  ounce 
weight,  and  nearly  an  inch  long,  is  very 
proper  for  the  purpofe. 

Experiment  III. 

«r 

^ magnetic  body  being  given y to  Jind  out  its 

Prefent  the  various  parts  of  the  furface 
of  the  magnetic  body  fucceflively  to  one 
of  the  poles  of  a magnetic  needle,  and 
you  will  foon  difcover  which  parts  of  the 
given  body  are  podeded  of  a contrary  pola- 
rity, by  the  needle’s  danding  perpendicu- 

N 3 larly 
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larly  towards  them.  Then  prefent  the  vari- 
ous parts  of  the  furface  of  the  fame  body  to 
the  other  pole  of  the  needle,  &c. 

In  this  operation,  care  mull  be  taken  not 
to  bring  the  magnetic  body  too  near  the 
needle,  for  fear  of  changing  its  polarity. 

The  diftance  at  which  fuch  an  effe£l  will 

# 

take  place  is  various,  according  to  the 
ftrength  of  the  magnetic  body  ; fo  that  it  is 
impoflible  to  prefcribe  it;  but  the  operator 
wdlTnever  miftake,  if  he  keeps  the  magne-r 
tic  body  fo  far  from  the  needle  as  juft  to 
affedl  it  fenfibly. 

Experiment  IV, 

\ 

"To  obtain  the  fame  objedl  as  in  the  preceding 
experiment y by  other  methods. 

If  the  given  body  have  only  two  poles^ 
they  may  be  afcertained  without  the  mag- 
netic needle,  viz,  by  fprinkling  fome  iron  fi- 
lings upon  it,  and  obferving  where  the  parti- 
cles of  the  filings  ftand  ere£land  perpendi- 
cular to  the  furface  of  the  body  ; for  thofe 

places 
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places  are  the  poles ; and,  in  order  to  dif- 
tinguilh  the  north  pole  from  the  fouth, 
place  the  faid  body  on  a piece  of  wood,  and 
let  it  fwim  upon  water,  or  tie  it  to  a thread, 
and  let  it  hang  freely  from  it ; in  which 
cafe,  the  body  will  foon  Ihew  its  north 
pole,  by  turning  it  towards  the  north,  and, 
of  courfe,  the  oppofite  pole  will  be  turned 
towards  the  fouth.  In  both  thofe  cafes, 
viz.  when  the  magnetic  body  is  made  to 
fwim  upon  water,  or  fufpended  by  a thread, 
it  muft  be  fo  placed  as  that  its  poles  may 
lie  horizontally. 

This  method,  however,  is  not  fo  pre- 
cife  as  when  a magnetic  needle  is  ufed; 
firft,  becaufe  it  will  not  do  when  the  given 
body  has  more  than  two  poles,  and,  fe- 
condly,  becaufc,  even  when  it  has  two 
poles  only,  they  do  not  lie  always  in' the 
fame  ftraight  line,’  which  paffes  through 
he  centre  of  the  body. 
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CHAPTER  m. 

Containing  experiments  concerning  the  aBion 
of  a magnet  on  ferruginous  bodies  that  are 
not  magnetic^ 

Properly  fpealdng,  the  magnet  has 
no  adtion  upon  unmagnetic  bodies  5 
for,  when  a bit  of  iron,  or  other  ferru^ 
ginous  body,  is  prefented  to  it,  the  body 
becomes  magnetic  fir/t,  and  then  is  at- 
tradted  ; fo  that  in  this  chapter  it  is  only 
meant  to  treat  of  the  adtion  of  the  magnet 
on  thofe  bodies,  which  were  not  magnetic 
before  they  were  prefented  to  it. 

Experiment  I. 

T j obferve  the  effeSis  produced  by  a magnet 

on  foft  iron. 

Place  a magnetic  needle  upon  a pin 
Auck  on  a table,  and,  when  the  needle 
ftands  fteady,  place  an  iron  bar  of  about 
eight  inches  long,  and  between  a quarter 
of  an  inch  and  one  inch  thick,  upon  the 

table, 
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table,  fo  that  one  end  of  it  may  be  on  one 
fide  of  the  north  pole  of  the  needle,  and  fo 
near  it  as  to  draw  it  a little  way  out  of  its 
natural  direftion.  In  this  fituation,  ap- 
proach gradually  the  north  pole  of  a magnet 
to  the  other  extremity  of  the  bar,  and  you 
will  fee  that  the  needle’s  north  end  v/ill  re- 
cede from  the  bar  more  and  more,  in  pro- 
portion as  the  magnet  is  brought  nearer  to 
the  bar.  If  the  experiment  be  repeated, 
with  only  this  difference,  *viz,  that  the 
fouth  pole  of  the  magnet  be  diredled  to- 
wards the  iron  bar,  then  the  north  end 
of  the  needle  will  advance  nearer  and 
nearer  to  the  bar,  in  proportion  as  the 
fouth  extremity  of  the  magnet  is  brou  ght 
nearer  to  the  iron. 

The  reafon  of  this  phenomenon  is,  that, 
by  the  approach  of  the  north  pole  of  the 
magnet,  in  thefirft  cafe,  the  extremity  of  the 
iron  bar,  which  lies  next  to  it,  acquires  a 
fouth  polarity,  and,  of  courfe,  the  oppofite 
extremity  acquires  the  north  polarity;  in 
confequence  of  which,  the  needle  is  repel- 
led, becaufe  magnetic  poles  of  the  fame 
pame  repel  each  other  y but  in  the  fecond 

cafe. 
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cafe,  when  the  fouth  pole  of  the  magnet  is 
brought  near  the  bar,  the  end  of  the  bar, 
which  is  next  to  it,  acquires  the  . north' 
polarity,  and  the  oppolite  end,  acquiring 
the  fouth  polarity,  attracts  the  north  end 
of  the  needle. 

If,  whilll  the  pole  of  the  magnet  Hands 
contiguous  to  one  end  of  the  bar,  a fmall 
magnetic  needle  be  prefented  within  a cer- 
tain diftance  to  various  parts  of  the  furface 
of  the  latter,  it  will  be  obferved,  by  the  at- 
tradbion  and  repulfion  of  the  needle,  that 
that  half  of  the  bar,  which  is  next  to  the 
magnet,  poffeifes  the  contrary  polarity,  and 
the  other  half  the  fame  polarity  with  the 
pole  of  the  magnet  that  is  applied  to  the 
iron. 

The  magnetic  centre,  however,  or  the 
limit  between  the  polarities,  is  nof  always 
in  the  middle  of  the  bar;  it  is  generally 
nearer  that  end  which  is  prefented  to 
the  magnet.  This  difference  is  greater 
as  the  magnet  is  weaker,-  and  the  length 
of  the  bar  increafes  ; but  when  the  bar  ex- 
ceeds a certain  length,  which  depends  on 
the  ftrength  of  the  magnet,  then  the  bar 

7 acquires 
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acquires  leveral  fucceffive  poles,  viz,  when 
the  north  pole  of  the  magnet  is  contiguous 
to  one  of  its  extremities,  that  extremity 
becomes  a fouth  pole;  a few  inches  farther 
on  you  will  have  a north  polarity,  then  ano- 
ther fouth  polarity,  and  fo  on.  In  this 
cafe,  the  firfl:  magnetic  centre  comes  very 
near  that  end  of  the  bar  which  ftands  next 
to  the  magnet,  and  other  magnetic  centres 
are  formed  between  every  pair  of  fuccelhve 
poles. 

Thofe  fucceffive  poles  become  weaker 
and  weaker  in  power,  according  as  they 
recede  from  that  end  of  the  bar  which  is 
contiguous  to  the  magnet,  fo  that,  in  a pretty 
extended  bar,  they  quite  vaniffi  long  before 
they  come  to  the  farther  end  of  it ; hence,  if 
one  pole  of  a magnet  be  applied  to  the  end 
of  a long  bar,  the  other  end  of  the  bar  will 
not  thereby  acquire  any  magnetifm.  This 
'will  happen,  when  a magnet,  capable  of 
lifting  about  two  pounds  weight  of  iron, 
IS  applied  to  one  extremity  of  an  iron  bar, 
about  one  inch  fquare,  and  above  five  feet 
long. 


On 
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On  removing  the  magnet,  the  bar,  if  of 
foft  iron,  will  immediately  lofeall  its  mag- 
netifm,  otherwife  will  retain  it  a longer  or 
fhorter  time,  in  proportion  to  its  hardnefs. 

If  the  above-mentioned  experiment  be 
tried  with  bars  of  the  fame  dimenfions,  but 
of  different  degrees  of  hardnefs,  it  will 
appear,  from  the  attradtion  or  repulfion  of 
the  magnetic  needle,  that  foft  iron  acquires 
a ftronger  magnetic  power  than  hard  iron, 
or  fteel,  &c. 

Experiment  II. 

yb  Jl:ew  the  a^ion  of  the  magitet  07i  ferrugi^ 
nous  bodies y by  the  repulfion  and  attradliori 
of  two  pieces  of  wire. 

Tie  two  pieces  of  foftiron  wire,  AB,  AB, 
fig.  1 . of  plate  II.  each  to  a feparate  thread, 
A C,  A C,  which  join  at  top,  and,  forming 

theminaloop,  fufpend  them,  byputting  the 

■% 

loop  on  a pin,  fo  that  thewires  AB,  AB,may 
hang  at  fome  diftance  from  the  wall.  Then 
bring  the  marked  end,  D,  of  a magnetic 
bar,  which  is  ufually  the  north  pole,  juft 

unde;* 
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under  them,  and  it  will  be  found,  that  the 
wires  will  immediately  repel  each  other,  as 
fliewn  in  fig.  2.  and  this  divergency  will  be 
greater  when  the  magnet  is  brought  nearer 
within  a certain  limit,  and  will  decreafe, 
according  as  the  magnet  is  removed.  The 
reafon  of  thisphenonienon  is  very  eafily  de- 
duced from  the  general  laws  of  magnetifm, 
•viz,  by  the  vicinity  of  the  north  pole  D of 
the  magnet,  the  extremities  B,  B,  of  the 
wires  acquire  the  Ibuth  polarity,  confe- 
quently  they  repel  each  other;  and  the  ex- 
tremities A,  A,'  both  acquire  the  fame 
polarity,  namely  the  north,  hence  they 
likewife  repel  each  other.  ■ 

If,  inftead  of  the  north  pole  of  the 
magnet,  the  fouth  pole  be  prefented,  the 
wires  will  repel  each  other  in  the  fame 
manner  as  before ; but  now  their  extre-. 
mities  B,  B,  will  become  north  poles,  and 
the  extremities  A,  A,  will  become  fouth 
poles. 

On  removing  the  magnet,  the  wires,  if 
of  foft  iron,  will  foon  collapfe,  having  loft 
all  the  magnetic  power ; but  if  fteel  wires 
or  common  fewing  needles  be  ufed,  they 

will 
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will  continue  to  repel  each  other  after  the 
s removal  of  the  magnet,  the  magnetic 
power  being  retained  by  fteel. 

It  has  been  faid  above,  that,  when  the 
magnet  is  brought  nearer  and  nearer  to  the 
wires,  the  divergency  of  the  latter  will  in- 
creafe,  as  far  as  a certain  limit.  The  reafon 
of  this  limit  is  the  attradlion  between  the 
magnet  and  the  extremities  of  the  wires, 
which,  when  the  magnet  comes  too  near, 
counteradls  the  repulfion  between  the  ex- 
tremities, B,  B ; fo  that  the  wires  in  that 
cafe  Hand  as  fhewn  in  fig.  3.  In  faO:, 
when  the  experiment  is  tried  with  fteel 
wires,  or  needles,  which  retain  the  com- 
municated magnetifm  after  the  removal  of 
the  magnet,  their  lower  extremities  will 
diverge  more  after  having  removed  the 
magnet  than  when  they  ftand  very  near  it. 

Experiment  III. 

T 0 JJjew  the  a^ion  of  the  7nagnet  upon  fer-^ 
rugmous  bodies y by  means  of  four  pieces  of 
fteel  wire  or  fewing  needles. 

Take  four  pieces  of  fteel  wire,  or  four 
common  fewing  needles,  tie  threads  to 

them. 
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them,  and  join  them  two  by  two,  in  the  man- 
ner defcribed  in  the  preceding  experiment; 
then  bring  the  fame  pole  of  the  magnet 
under  both  pairs,  viz.  one  after  the  other, 
by  which  means  they  will  acquire  a perma- 
nent magnetifm,  and  the  wires  of  each  pair 
will  repel  each  other.  After  putting  the 
magnet  afide,  if  you  bring  one  pair  of  wires 
near  the  other  pair,  fo  that  their  lower  ex- 
tremities may  be  all  in  one  level,  the  four 
wires  will  repel  each  other,  forming  a 
fquare,  becaufe  their  loweft  extremities  are 
all  poffelfed  of  the  fame  polarity. 

If  inftead  of  giving  the  fame  polarity 
to  all  the  lower  extremities,  and  the  con- 
trary polarity  to  all  the  upper  extremi- 
ties, you  give  one  polarity  to  the  lower 
extremities  of  one  pair,  and  the  contrary 
polarity  to  the  lower  extremities  of  the 
other  pair ; then,  whilft  thofe  pairs  are 
kept  far  from  each  other,  the  wires  of 
each  will  fly  away  from  one  another,; 
but  if  the  two  pairs  be  brought  near, 
all  the  four  wires  will  flick,  together 
in  one  bundle ; the  reafon  of  which  is, 
becaufe  the  contrary  polarities  of  both 

pairs. 
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pairs,  being  put  near,  will  attradl  eacll 
other,  and  dejftroy  the  repulfion  between 
the  wires  of  the  Angle  pairs^ 

Inftead  of  two,  you  may  make  feveral 
pairs  of  wires  or  needles,  and,  by  giving 
one  fort  of  polarity  to  the  lower  extremi- 
ties of  fome,  and  the  contrary  polarity  to 
the  lower  extremities  of  others,  you  may 
produce  cffedls  analogous  to  thofe  defcrib- 
cd  above. 

Experiment  IV. 

Of  the  adlion  of  the  magnet  on  iron  filings^ 

Strew  fome  iron  filings  upon  a fheet  of 
paper  laid  upon  a table,  and  place  a fmall 
artificial  magnet  among  them  ; then  give 
a few  gentle  knocks  to  the  table  with  your 
hand,  fo  as  to  fhake  a little  the  filings, 
and  you  will  find  that  they  difpofe  them- 
felves  round  the  magnetic  bar,'  in  the 
manner  reprefented  by  fig.  4.  plate  II. ' 
many  particles  clinging  to  one  another, 
and  forming  themfelves  into  lines,  which, 
at  the  very  poles,  are  in  the  fame  diredHon 

with 
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with  the  axis  of  the  magnet,  a little  Tide- 
way of  the  poles  they  begin  to  bend,  and 
then  they  form  complete  arches,  reaching 
from  a point  in  the  north  half  of  the  mag- 
net to  a point  in  the  other  half,,  which  is 
polTeffed  of  the  fouth  polarity.  * 

This  phenomenon,  obferyed  from  time 
immemorial,  has  given  occafion  to  various 
perfons  to  believe,  that  there  was  a circu- 
lation of  a fluid  from  one  of  the  poles  of 
every  magnet  to  the  other  pole,  in  confe- 
quence  of  which -the  iron  or  fteel  filing^ 
were  thus  difpofed  round  the  magnet.  At 
iirfl:  fight,  a perfon  little  {killed  in.  mag« 
netics  would  eafily  be  induced  to  believe 

.A 

the  faid  circulation  of  a fluid  ; but  a little 

cojifideration -will  eafily  fhevy  the  abfur- 

dity  of  the  fuppofition,  becaufe,  if  the 

* 

fluid,  of  v/hatever  nature  it  may  be,  did 
really  circulate  from  one  pole  to  the  other, 
and  had  any  action  on  tli  filings,  thefe 
would  be  all  driven  toward  that  pole 
to  which  the  moving  fluid  directed  its 
courfe. 

The  true  caufe  of  the  difpofition  of  the 
filings  is,  their  becoming  adtually  mag- 

O netic. 


194  Practical  Magnetism. 

t • 

netic,  and  their  two  extremities  being 
pofleflhd  of  different  polarities.  Suppofe 
firft,  that  only  one  oblong  particle  of  iron 
be  affixed  to  the  various  parts  of  the 
furface  of  the  magnet;  it  is  evident,  from 
w'hat  has  been  faid  above,  that  on  the 
poles  this  particle  of  iron  A B,  fig.  5, 
plate  II.  would  ftand  perpendicular  to 
the  furface,  becaufe  its  farther  extremity 
B,  having  the  fame  polarity  as  the  extre- 
mity C of  the  magnet,  is  equally  repelled 
by  it  on  every  fide,  and  is  far  from  the  in- 
fluence of  the  other  extremity  D;  on  the 
fides  near  to  the  poles  the  faid  particle  will 
ftand  inclined,  becaufe  the  fartheft  pole 
of  the  magnet  begins  now  to  aft  upon 
it ; and  on  the  middle  of  the  magnet  the 
wire  will  lie  quite  clofe  to  it,  or,  if  it  be 
kept  at  fome  diftance,  will  lie  parallel 
to  the  magnet,  becaufe  the  two  poles  of 
the  magnet,  being  equidiflant  from  the 
■ extremities  of  the  iron  particle,  have  an 
equal  aftion  upon  it.  Now,  when  there 
are  many  particles  of  iron,  viz.  the  filings, 
near  tla®  magnet,  thofe  particles  which 
touch  its  furface  are  rendered  magnetic, 

confequently 
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confequently  they  attradl  other  particles, 
and  thefe  being  made  alfo  magnetic,  attradt 
others,  and  fo  on,  forming  ftrings  offmall 
magnets,  which  gradually  decreafe  in 
power  as  they  recede  from  the  magnet. 
As  each  of  thofe  particles  has  two  mag- 
netic poles,  by  a little  conlideration  it 
will  appear,  that  the  fartheft  ends  of  thofe 
ftrings  or  lines  which  proceed  from  the 
parts  adjacent  to  one  of  the  poles  of  the 
magnet,  for  inftance,  the  north,  are  like- 
wife  polfelTed  of  the  north  polarity,  and 
the  fartheft  extremities  of  thofe  ftrings 
which  proceed  from  the  parts  adjacent  to 
the  fouth  pole  of  the  magnet,  are.  poflelT- 
ed  of  the  fouth  polarity ; hence,  when 
they  come  fufficiently  near,  they  attradl 
the  extremities  of  the  former  ftrings,  and 
confequently  form  the  curves  delineated  on 
the  figure. 

The  fhaking  of  the  table  in  this  ex- 
periment ferves  to  ftir  the  filings,  by 
making  them  jump  up  a little  way,  and 
thus  place  themfelves  in  the  proper  fitu- 
ation;  otherwife^  the  adlion  of  the  magnet, 
will  not  have  power  fufficient  to  difppfe 

O 2 properly 
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properly  thofe  particles  which  Hand  at  a 
conliderable  diftance. 

Experim'ent'V.  * • ' 

t 

TCq  Jhew  the  aSlion  of  the,  mcignet- on  iron  by 
means  of  a fufp ended  body. 

Tie  a thread  to  one  end  of  a bit  of  foft 
iron  wire  A B,  fig.  6.  plate  II.  about  four 
inches  long,  and  fufpend  it  freely ; place  a 
Hand  of  any  fort  in  fuch  a manner  as  to 
fupport  a bar  of  foft  iron  C D,  fo  as  to 

j . > I ' ' ■ . I • > . / 

let  one  of  its  extremities  C be  about  three 
quarters  of  an  inch  diflant  from  the  lower 
extremity  B of  the  wire.  This  done,  if 

i i I • • ' 

you  bring  either  pole  of  a ftrong  mAagnet 
E F under  it,  you  will  find  that  the  end  B 
of  the  wire  A B will  recede  from  the  end 

i ' I r ‘ ‘ 

C of  the  iron  bar,  becaufe  they  are  both 
polTefled  of  the  fame  polarity  ; but  if  the 
magnet  be  applied  to  the  upper  part  of  the 
wire,  in  the  fituation  G H,  then  the  end 
B of  the  wire  will  be  attracted  by  the  ex- 
tremity C of  the  iron  bar  ^ becaufe,  fup- 
pofing  G to  be  the  north  pole  of  themag- 


Practical  Magnetism.  197 

net,  C being  the  extremity  of  the  bar  C D, 
that  ftands  neareft  to  the  north  pole  G, 
acquires  a fouth  polarity,  and  attrafts  the 
end  B of  the  wire ; becaufe  B being  the 
part  of  the  wire  which  {lands  remoteft 
from  the  north  pole  G,  acquires  the  fame, 
namely,  the  north  polarity. 

Experiment  VI.  . 

I'o  JJjew  the  effect  of  magnets  on  a crooked 

wire. 

Let  an  iron  wire  of  about  a quarter  of 
an  inch  in  diameter,  and  four  or  five  inches 
long,  be  bent  fomewhat  like  a gothic  arch, 
mz,  with  a fliarp  corner  in  the  middle, 
ABC,  fig.  7,  of  plate  H.  and  tie  it  fail 
to  a crofs  bar,  or  let  an  affiflant  hold  it 
with  the  corner  downwards  : then  apply 
either  pole  of  the  magnet  D E to  one  of 
its  extremities  A,  and  whilfl  the  magnet 
remains  in  that  fituation,  apply  a piece 
of  iron  H,  of  no  great  fize,  to  the  corner 
C,  and  you  will  find  that  the  iron  remains 
fufpended.  Now,  if  another  magnet  be 

O 3 applied 
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applied  to  the  other  extremity  B of  the 
crooked  wire,  fo  that  the  pole  G may  be 
contrary  to  the  pole  E,  the  iron  H will 
immediately  fall  oif ; but  if  the  pole  G be 
analogous  to  the  pole  E,  mz.  be  both 
fouth,  or  both  north,  then  the  iron  H 
not  only  will  remain  adhering  to  C,  but 
the  faid  corner  will  be  capable  of  fup- 
porting  a weight  flill  greater  than  H. 
The  reafon  of  which  is,  becaufe,  in  the 
former  cafe,  the  extremities  A B of 
the  bent  wire  being  poflelfed  of  dilferent 
polarities,  the  corner  C was  the  magnetic 
centre,  where  there  is  no  attradion  nor 
repullion  ; whereas,  in  the  fecond  cafe, 

both  extremities  of  the  bent  wire  being 

% 

polTelfed  of  the  fame  polarity,  the  corner 
C was  neceflitated  to  acquire  the  con- 
trary polarity ; and  in  this  cafe,  the  bent 
wiremufl;  have  two  magnetic  centres,  viz. 
one  on  each  fide. 


Experiment 


Practical  Magnetism.  199 


Experiment  VII. 

Shewing  in  what  circumjlances  a magnet  can 
lift  the  greatejl  weight. 

Take  a magnetic  bar,  and  find  by  trial 
an  oblong  piece  of  iron,  about  4 inches 
long,  and  of  a weight  little  greater  than 
the  magnet  will  fupport.  It  is  plain  that 
if  you  affix  this  iron  to  one  pole  of  the 
magnet,  the  moment  you  remove  your 
hand  the  iron  will  drop  ; but  if,  before, 
you  remove  the  hand,  you  prefent  another 
larger  piece  of  iron  juft  under  the  lower 
extremity  of  the  former,  and  within  half 
or  three  quarters  of  an  inch  from  it,  you 
will  find  that  the  magnet  will  then  fup- 
port that  piece  of  iron  which  it  could  not 
fupport  before,  when  a fecondary  piece  of 
iron  was  not  under  it.  In  fliort,  a magnet 
can  lift  a greater  weight  of  iron  from 
over  another  piece  of  iron,  as  an  anvil, 
or  the  like,  than  from  over  a table. 

The  reafon  of  which  property  is,  that 
in  the  former  cafe,  the  iron  bafis,  or  infe- 

O 4 rior 
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J*ior  piece  of  iron,  becoming  itfelf  in 
fome  meafurc  magnetic,  helps  to  increafe 
the  magnetilm  of  the  firft  piece  of  iron, 
.and  confequcntly  tends  to  increale  .the  at- 
tradtion  between  it  and  the  magnet ; which 
does  not  take  place  when  the  iron  is  lifted 
from  over  a table,  or  fomething  elfe  which 
is  incapable  of  acquiring  any  magnetifm. 

In  order  to  render  this  property  more 
intelligible,  fuppofe  that  a piece  df  iron 
be  affixed  to  the  north  pole  of  a magnet; 
it  is  plain,  that  by  the  adlion  of  the  mag- 
net, the  part  of  it  that  ftands  next  to  the 
magnet  has  acquired  a fouth  polarity,  and 
its  other,  or  inferior  extremity,  has  ac- 
quired a north  polarity, . the  attradtion 
being  a confequence  of  this  acquired  mag- 
netifm, and  being  greater  or  fmaller  in 
proportion  as  that  acquired  magnetifm  is 
more  or  lefs  powerful ; ^ confequently, 
whatever  tends  to  increafe  that  magnetifm 
in  the  piece  of  iron,  muft  likewife  increafe 
the  attradlion.  Now,  wherf  another  piece 
of  iron  is  under  the  former,  that  other  piece 
of  iron,  being  within  the  fphere  of  adlion  of 
the  magnetic  bar,  becomes  magnetic,  and 

the 
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the  part  of  it  which  is  contiguous  to  the 
north  pole  of  the  magnet  acquires  the 
fouth  polarity;  but  this  is  contiguous  to 
the  lower  end,  which  is  the  north  pole,  of 
the  firft  piece  of  iron,  therefore  itmuft  in- 
creafe  that  north-  polarity,  and,  of  courfe, 
the  fouth  polarity  of  the  upper  end  of  the 
firft  piece  of  iron,  which  ftands  next  to 
the  magnet. 

In  fa£t,  if,  inftead  of  the  fecondary 
piece  of  iron,  you  puti  the  fouth  pole  of 
another  magnet  at  a little  diftance  below 
the  lower  extremity  of  the  fufpended  iron, 
you  will  produce  the  fame  effedl,  viz,  will 
increafe  the  attraction  between  it  and  the 
north  pole  of  the  firft  magnet ; but  if  you 
prefent  the  north  pole  of  the  fecond  magnet 
under  it,  then  you  will  produce  the  contrary 
efFejdl,  viz,  will  weaken  its  magnetic  power, 
and,  of  courfe,  diminifli  the  attraction. 

Experiment  VIII. 

To  jhew  the  variable  power  of  a magnet  by 
fufpendmg  iron  to  it, 

Sufpend  a magnet,  in  a place  that  is  not 
much  ftiook,  and  apply  to  it  as  much 

% weight 
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weight  of  iron  as  it  will  juft  fupport 
Let  a hook  or  a fcale,  like  thofe  ufed  for  a 
balance,  be  faftened  to  this  iron.  On  the 
day  following,  you  may  put  a little  more 
weight  into  the  fcale,  which  the  magnet 
will  fupport.  One  or  two  days  after,  a 
little  more  weight  may  be  added;  and  fo  on ; 
the  power  of  the  magnet  incrcafing  daily  : 
and,  though  this  increafe  of  power  is  neither 
unlimited  nor  very  regular  ; being  affefted 
in  fome  meafure  by  the  viciffitudes  of  heat 
and  cold,  &c.  ; yet,  upon  the  whole,  the 
power  of  a magnet  will  be  confiderably  in- 
crcafed  by  this  artifice. 

It  is  very  remarkable,  that  if,  in  the 
courfe  of  the  operation,  the  iron  were  to 
drop  from  the  magnet,  on  * replacing  it, 
you  will  find  that  the  magnet  will  no 
longer  fupport  as  much  weight  as  it  did  a 
moment  before,  fo  that  now  you  muft  di- 
minifli  the  weight,  though  in  the  courfe 
of  the  following  days  you  may  increafe  it 

* For  this  purpofe,  the  magnet,  either  natural  or 
artificial,  ought  to  be  armed,  or  made  in  the  fhape  of 
ahorfe-Ihoe;  viz,  foas  to  have  the  poles  in  one  plane; 
in  this  form  the  efFedl  being  more  confpicuous. 

gradually 
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gradually  again  ; ' hence,  in  placing  the 
weights  into  the  fcale,  or  upon  the  hook, 
care  muft  be  taken  not  to  give  it  any  jerk, 
fo  as  to  caufe  the  iron  to  fall  off ; otherwife 
a great  deal  of  the  work  will  be  loft. 

The  reafon  of  this  experiment  is,  that  the 
iron  being  rendered  magnetic,  tends  to 
ftrengthen  the  magnetifm  of  the  magnet, 
in  the  fame  manner  as  any  other  magnet 
endeavours  to  render  magnetic  any  ferru- 
ginous fubftance  that  is  placed  within  its 
fphere  of  ailion.  When  the  iron  falls  off, 
the  magnet  lofes  part  of  the  acquired 
power,  efpecially  if  the  magnet  had  ac- 
quired more  than  its  point  of  faturation, 
there  having  been  removed  the  caufe  which 
kept  it  up ; and  when  the  iron  is  replaced, 
the  magnet  will  not  recover  the  loft  power 
very  readily,  becaufe  there  is  required  a con- 
liderable  time  to  communicate  a certain  de- 
gree of  magnetic  power  to  a hard  ferruginous 
fubftance,  as  the  magnet  is,  efpecially  when 
that  magnetifm  muft  be  communicated  by 
the  aftion  of  a proportionably  weak  magnet, 
like  the  iron  weight. 

According  to  Aepinus’s  hypothecs  of 
^ the 
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the  magnetic  fluid,  this  experiment  is 
explained  thus  : — The  magnetic  fluid  in  a 
magnet  is  not  equally  difperfed  through  its 
fubflance ; but  one  pole,  or  half  of  it,  is 
overcharged  and  the  other  undercharged. 
There  is  a ftrong  attraction  between  the 
undercharged  part  and  the  fuperfluons 
quantity  of  magnetic  fluid  in  the  over- 
charged part,  and  the  reftoration  of  the 
balance  is  in  great  meafu'rc  prevented  by’ 
the  hardnefs  or  fome  other  quality  of  the 
magnet.  Now,  when  the  iron  is  affixed 
to  the  magnet,  it  becomes  magnetic,  viz, 
that  part  of  it  which  is  contiguous  to  the 
overcharged  pole  of  the  magnet,  becomes 
undercharged,  and  the  oppoiite  one  be- 
comes overcharged.  In  this  lituation,  the 
undercharged  part  of  the  iron,  endeavour- 
ing to  draw  the  magnetic  fluid  of  the  mag- 
net towards  itfelf,  accumulates  or  draws  it 
Hill  nearer  to  that  overcharged  pole  of  the 
magnet,  and,  on  the  other  fide,  the  over- 
charged part  of  the  iron  being  contiguous 
to  the  undercharged  pole  of  the  magnet, 
tends  continually  to  drive  the  magnetic 
fluid  away  from  that  undercharged  pole  of 

the 


I 


Practical  Magnetism.  205 

the  magnet ; but  the  power  of  the  magnet, 
according  to  the  hypothefis,  depends  on  the 
unequal  diftribution  of  the  magnetic  fluid, 
therefore  the  action  of  the  iron,  by  endea-. 
vouring  continually  to  increafe  that  unequal 
diftribution,  muft  increafe  the  power  of  the 
magnet.  ^ 

It  follows,  from  this  experiment,  that  a 
magnet  is  apt  to  lofe  much  of  its  power 
when  kept  without  any  iron  aflixed 
to  it. 


.Exper'iment  IX. 

— I. , 

To-  /hew  the  various  effeSts  produced  ,hy  a 

magnet  on  different  forts  of  ferruginous 
fuhfances. 

Let  feveral  bars  bemade,of  differentforts 
of  iron  and  fteel,  but  all  of  the  fame  di- 
menlions,  viz.  about  five  inches' long,  and 
half  an  inch  thick  then  examine  them, 
one  by  one,  in  the  following  manner 
Place  a magnetic  needle  fo  that  one  pole, 
of  it  may  be  about  an  inch  diftant  from  one 
end  of  the  bar  of  iron  of  •ftecl,,  but  the 

' • needle 
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needle  and  bar  muft  not  be  in  one  direc- 
tion ; then  apply  one  pole  of  a magnet  to 
the  other  extremity  of  the  bar ; by  the 
.application  of  which,  the  needle  will 
be  moved  from  the  fituation  in  which 
it  flood  before.  Thus  repeating  the 
operation  with  all  the  different  bars,  it 
will  be  found,  that  the  needle  is  affedled 
mofl  when  the  bar  is  of  foft  iron,  and  leaft 
w^hen  it  is  of  hard  fled,  or  of  the  brittle 
fort  of  cafl  iron  ; the  other  ferruginous 
fubflances  affedling  the  needle  in  fome  in- 
termediate degree  between  thofe  two  ex- 
tremes. 

I 

This  experiment  plainly  fliews,  that 
the  magnet  has  more  adtion  upon  foft 
iron  than  on  any  other  flate  of  that  metal  ; 
foft  iron  acquiring  the  greatefl  degree  of 
magnetic  power,  and  confequently  dif- 
turbing  the  needle  mofl.  Hence  it  ap- 
pears why  a magnet  attradls  foft  iron 
more  powerfully  than  any  other  ferrugi- 
nous fubflance,  viz,  becaufe  foft  iron  be- 
comes more  powerfully  magnetic  when 
adled  on  by  the  magnet. 

In  this  experiment  it  will  alfo  be  found, 
that  thofe  bars  which  become  Icafl  mag- 
netic. 
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netic,  and  of  courfe  affedl  the  needl^ 
lead,  after  the  removal  of  the  magnet  will 
retain  fome  magnetifm;  whereas  the  foft 
iron  will  lofe  it  immediately ; which  evi- 
dently fhews,  that  the  difficulty  of  acqui- 
ring magnetifm,  and  of  retaining  it  when 
once  acquired,  is  owing  to  the  fame  caufe, 
namely,  the  obftruftion  offered  by  the 
ferruginous  fubftance  to  the  free  paffage  of 
the  magnetic  fluid,  or  of  that  power  which 
produces  the  magnetic  phenomena. 


CHAPTER  IV. 

Of  the  aStion  of  magnets  on  each  other. 

Experiment  I. 

Ti?  few  the  action  of  a magnet  on  a magnetic 

feel  wire. 

Take  a foft  fleel  wire,  like  A B,  fig.  8, 
of  plate  II.  about  five  inches  long, 
and  a quarter  of  an  inch  thick,  and  give  it 
fome  magnetifm,  byplacing  it  between  two 
magnetic  bars  for  a minute  or  two.  This 

done. 
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dene,  find  its  magnetic  centre  C,  according  to 
the  experiment  deferibed  in  the  fecond  chap- 
ter; then  lay  it  upon  a table,  and  put  amag- 
netic  bar,  D E,  near  it,  fo  that  their  north 
poles  may  be  towards  each  other.  In  this  fitu- 
ation,ifyou  examine  the  wire  A B,  by  means 
ofthemagnetic  needle,  you  will  find  that  the 
action  of  the  magnet  D C has  removed  the 
magnetic  centre  C farther  from  the  end  B; 
and  the  nearer  the  magnet  is  approached 
to  B,  the  nearer  will  the  magnetic  centre  C 
come  to  the  extremity  A.  At  laft  the  end 
B of  the  fteel  wire  will  become  a fouth 
pole,  the  north  pole  will  be  removed  to- 
•wards  C,  and  another  magnetic  centre  will 
arife  between  thofe  two  poles.  In  this  ex- 
periment, a great  deal  of  variety  is  occa- 
fioned  by  the  various  flrength  of  the 
magnet,  the  length  and  foftnefs  of  the 
fteel  bar,  and  the  diftance  between  the  one 
and  the  other. 

I . If  the  fteel  bar  be  very,  long,  it  will 
acquire  feveral  .fucceflive  poles,  and  the 
original  magnetic  centre  C,  will  not  come 
proportionably  fo  near  the  extremity  A as 
when  the  wire  is  ihorter. 


2.  If 
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2.  If  the  wire  A B be  very  fhort,  by  the 
approximation  of  the  magnet,  its  poles 
will  be  Veverfed;,  fo  that  B,  which  was 
the  north  pole,  will  now  become  fouth, 
and  the  extremity  A wall  become  the  north 

pole.  ^ : 

3.  If  the  power  of  the  magnet  D E,  be  fo 

•iveaki  as  to  come  nearly  to  ah  equality 
with  the  magnetic  povVer  of  the  wire  A B, 
then  they  will  have  an  equal  power  upon 
bach  other;  and  the  confequence  will  be, 
that  the  north  poles  of  both  will  be  a little 
removed  from  the  extremities  B and  D ; 
provided  the  fubflance  of  the  magnets  is 
‘equally  foft, 

4.  By  a gradual  approximation  bf  the 
ftrong  magnet  D E,  to  the  fteel  wire  A B, 
the  extremity  B of  the  latter  muft  have  its 
polarity  firft  diminifhed^  then  annihilated, 
and  laftly  reverfed. 

From  an  attentive  cbnfid'eratiori  of  the 
above-mentioned  particulars,  it  will  ap« 
jpear,  that^  before  the  pole  B is  changed, 
the  two  magnets  muft  exert  a repulfioa 
againft  each  other;  that  when  the  polarity 
bf  B is  annihilated,  the  two  magnets  can 

P neither 
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neither  attract  nor  repel  each  other ; and, 
laftly,  that  when  the  extremity  B has  ac- 
quired a foutB  polarity,  the  two  magnets 
mufl  attradl  each  other. 

In  Cafe  3^  the  two  magnets  can  have 
little  or  no  power  on  each  other ; fo  that 
no  attraction  nor  repiilfion  will  take  place 
between  them. 


Experiment  II, 

(l:cro  the  aBion  of  both  7nagnetic  poles y of 
two  magJietSy  on  each  other. 

What  has  been  faid  in  the  preceding 
experiment,  with  relpeCt  to  one  magnetic 
pole,  will  now  be  eafily  applied  to  explain 
the  action  of  both  poles  of  one  magnet,  on 
the  analogous  poles  of  another  magnet. 

Let  C E D,  A F B,  fig.  9 . of  plate  II.  be 
two  femicircular  magnets,  and  let  their 
poles  of  the  fame  name  be  approached 
towards  each  other ; A,  C being  north 
poles,  and  B,  D fouth  poles.  The  confe- 
quence  of  this  approximation  will  be  vari- 
ous, according  to  the  various  ftrengths  of 

the 
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the  magnets,  and  the  diftance  between 
them.  Thus,  if  they  be  unequal  in  power, 
on  their  being  gradually  brought  near  to 
each  other,  the  poles  of  the  weak  one 
muft  be  gradually  weakened,  in  which 
cafe,  a repuHion  is  exerted  between  the 
magnets ; then  they  are  annihilated ; in 
which  cafe,  no  attradlion  nor  repulfion 
will  take  place  ; and,  laftly,  they  will  be 
' changed,  and  then  the  two  magnets  will 
attradl  each  other. 

If  the  magnets  be  equal  in  power,  and 
of  a very  hard  nature,  they  will  always  re-p 
pel  each  other,  becaufe  the  poles  of  neither 
of  them  are  deftroyed  or  reverfed ; but, 
if  equal  in  power,  and  of  a fofter  na- 
ture, then,  when  brought  fufficiently  near, 
will  deftroy  each  other’s  polarity,  and,  of 
courfe,  no  attradion  nor  repulfion  will 
take  place. 

In  this  experiment,  the  magnetic  cen- 
tres, E and  F,  will  not  be  removed  from 
their  places,  the  adlion  of  the  two  poles 
being  equal  on  both  fidcs  ; fo  that  the 
only  thing  that  can  happen,  is  the  genera- 
tion of  more  magnetic  centres,  and,  of 

P 2 courfe, 
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courfe,  of  more  magnetic  poles,  the  num«^. 
her  of  which  depends  on  the  length,  hard-^ 
nefs,  and  power  of  the  magnets. 

Experiment  IIL 

T’o  Jlocw  the  aBion  between  the  contrary  polet 

of  two  magnets. 

In  the  two  preceding  experiments,  the 
homologous  poles  of  the  magnets  were  op- 
pofed  to  each  other ; but,  if  they  be  re- 
peated, by  prefenting  the  fouth  poles  to  the 
north  poles,  the  phenomena  will  be  as  fol- 
lows, viz. 

The  magnetic  poles  of  each  magnet  will 
be  ftrengthened,  the  nearer  they  are  ap- 
proached to  each  other  \ the  attraftion  will 
increafe  in  the  fame  proportion,  and  it  can 
never  be  changed  into  repulfion.  But,  as 
the  degree  of  attradlion  depends  on  the 
llrength  of  the  contrary  poles,  every  thing 
dfe  remaining  the  fame,  and  as  the  increafe 
of  the  polarity  of  one  magnet  from  the 
adtiou  of  another  magnet,  principally  de- 
pends 
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pends  upon  the  foftnefs  of  one  of  the 
magnets,  it  follows,  that,  in  certain  cir- 
cumftanccs,  a weaker  magnet  may  be  at- 
trafted  more  powerfully  than  a ftronger 
one. 

In  order  to  render  this  kind  of  paradox 
very  evidentj  let  two  fmall  magnetic  bars 
be  made,  exadlly  of  the  fame  dimenfions, 
but  let  one  be  made  of  the  hardeft,  and  the 
other  of  the  fofteft  fteel.  Let  the  latter 
have  a very  weak  magnetic  power,  but  the 
former  a greater  power.  This  done,  if 
you  apply  thofe  magnets  fingly,  and  al- 
ternately, to  a third  magnet,  confiderably 
more  powerful  than  either  of  them,  you 
will  find,  that  the  weak  magnet,  viz.  that 
of  foft  fteel,  will  be  attradled  more  pow- 
erfully than  the  other;  the  reafon  of 
which  is,  that  the  foft  fteel  magnet 
will  have  its  poles  rendered  confiderably 
ftronger  by  the  vicinity  of  the  third  magnet, 
and  that  on  account  of  its  foftnefs,  though, 
for  the  very  fame  reafon,  its  power  will  be 
foon  diminifhed  when  removed  from  that 
fphere  of  adtion  ; whereas  the  magnet  of 
hard  fteel,  though  its  poles  be  increaled  a 

P 3 little 
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little  by  the  action  of  the  third  magnet,  yet, 
on  account  of  its  hardnefs,  they  will  not  be 
increafed  to  fuch  a degree  as  thofe  of  the 
foft  fteel  one.  ' - 

It  appears  therefore,  from  this  and  the 
two  preceding  experiments,  that  when 
two  magnets  are  approached  near  each 
other,  they  may  repel,  attract,  or  not  aft  at 
all  on  one  another,  according  to  the  various 
enumerated  circumftances  ^ that  the  repul- 
lion  at  a diftance  may  be  changed  into  at- 
traftion,  by  bringing  the  magnets  nearer ; 
that  the  attraftion  taking  place  when  the 
magnets  are  within  a certain  diftance  of 
each  other,  may  be  changed  into  repulfton 
by  increafing  that  diftance  ; and  that  a 

* Thus  when  two  magnetic  bars,  pretty  long,  but 
not  very  hard,  and  of  different  powers,  are  placed  in 
the  fame  direction,  with  the  north  pole  of  one  contigu- 
ous to  the  north  pole  of  the  other,  the  weak  magnet 
will  have  its  north  pole  changed  into  a fouth  pole  for 
a fhort  way,  in  confcquence  of  which,  an  attfadlion 
will  take  place;  but  when  the  magnets  are  removed 
farther  off,  then  the  original  fouth  extremity  of  the 
weak  bar  will  reftore  the  north  polarity  of  the  op- 
pofite  extremity,  and,  confequently,  a repulfion  will 
enfue. 


weaker 
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weaker  niagnet,  in  certain  cafes,  may  be  at- 
tra<fced  with  greater  force  than  a flronger 
one ; this  law  remaining  certain  and  un- 
altered in  any  cafe,  viz.  that  the  poles 
of  the  fame  name  repel,  and  thofe  of  a dif- 
ferent name  attract,  each  other ; fo  that, 
when  an  attra6lion  takes  place  between 
thofe  parts  of  ferruginous  fubftances,  which 
were  before  poflelfed  of  the  fame  polarity, 
it  may  be  concluded,  that  the  polarity  of 
one  of  them  has  been  adlually  changed. 

' Experiment  IV. 

mcreafe  or  diminijh  the  attradlion  between 
a Tnagnet  and  a piece  of  irony  by  the  abiion 
of  another  magnet y equal  in  power  to  the 
former. 

Place  a magnetic  bar,  A B,  fig.  10.  of 
plate  II.  fo  that  one  of  its  poles  may  pro- 
jed:  a fhort  way  beyond  the  table,  and  ap- 
ply an  iron  weight,  C,  to  it ; then  take 
another  magnetic  bar,  D E,  like  the'for- 
mer,  and  bring  it  parallel  to,  and  juft  over 
the  other,  with  the  contrary  poles  towards 

P 4 each 
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each  other;  in  confequence  of  which,  the 

■I 

attradtion  of  B will  be  diminifhed,  fo  that 
the  iron  C,  if  very  heavy,  will  drop  off, 
and  the  magnet  can  only  fupport  a fmaller 
piece  of  iron.  In  Ihort,  this  attradlion 
will  be  diminifhed,  and,  when  the  magnets 
come  quite  into  contadf,  provided  they  be 
of  an  equal  power,  the  attraftion  will  en- 
tirely vanifli ; but  if  the  experiment  be 
repeated,  and  the  homologous  poles  of  the 
magnets  be  approached  to  each  other,  then 
the  attradlion,  inftead  of  being' dimini/hed, 
will  be  increafed. 

As  the  attradlion  between  the  iron  and 

the  magnet  is  owing  to  the  iron  acquiring 

% 

a different  polarity,  it  follows,  that  whate- 
ver contributes  to  increafe  that  different  po- 
larity, increafes  likevvife  the  attradtion,  and, 
on  the  contrary,  whatever  diminiflies  ,or 
deftroys  that  different  polarity  in  the  iron, 
mufl  likewife  diminifh  or  deftroy  the  at- 

tradtion.  Therefore,  when  the  extremities 

\ 

E and  B of  the  magnets  are  both  north 
poles,  or  both  fouth  poles,  that  part  of  the 
iron  which  is  next  to  B becomes  more  and 
more  ftrongly  poffefled  of  the  contrary  po- 

larity'j 
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» . 

larity,  the  more  the  magnets  are  approached  j 
but  when  B and  E are  poles  of  different 
name,  they  will  prevent  the  iron'  acquiring 
any  polarity,  becaufe,  if  the  adlion  of  one 
tends  to  communicate  to  it  a north  polari-^ 
ty,  the  adlion  of  the  other  will  endea- 
vour to  communicate  a fouth  polarity  to 
the  fame  extremity  of  the  iron. 

Experiment  V. 

^0  hicreafe  or  dhninifh  the  attraSiion  between 
a magnet  and  a piece  of  iron^  by  the  aSlion 
of  another  more  or  lefs  powerful  magneto 

If  the  preceding  experiment  be  repeated 
with  magnets  of  unequal  power,  for  in- 
ftance,  the  magnet  D E be  much  more 
powerful  \ on  approaching  the  two  mag- 
nets to  each  other,  it  will  be  found,  that 
the  greatefl:  degree  of  attraction,  when  the 
contrary  poles  are  towards  each  other,  and 
the  entire  deftruClion  of  the  attradlion, 
when  the  homologous  poles  are  towards 
each  other,  will  take  place  before  the  mag- 
nets come  into  contadt;  the  reafon  of  which 
the  ingenious  reader  may  eafily  underhand, 

after  what  has  been  fald  before. 

# 

Experiment 
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Experiment  VI. 

2" 0 J]:ew  the  generation  of  the  poles y and  of 
the  magnetic  centres y in  the  parts  of  a 
broken  magneto 

Take  a magnetic  bar  A B,  fig.  ii.  of 
plate  II,  of  very  hard  fteel,  and  having 
only  two  poles,  A and  B. — A magnetic 
bar  about  6 or  8 inches  long,  and  about 
a quarter  of  an  inch  in  diameter,  anfwers  • 
very  well  for  this  experiment.  The  mag- 
netic centre  of  this  bar  will  be  in  its  middle, 
C,  or  very  little  diftant  from  that  point. 
Now  if,  by  a fmart  firoke  of  a hammer, 
you  break  off  F B,  about  one  third  part  of 
the  magnet,  it  might  be  expefted  the  part 
F B,  which  before  the  fradlure  was  all 
pofl’effed  of  one  polarity,  for  inftance,  the 
north,  would  now  continue  fo ; but  upon 
examination  it  will  be  found,  that  that  part 
of  the  fragment,  which  was  contiguous 
to  the  fradure,  has  acquired  the  contrary 
polarity,  namely  the  fouth,  and  a magne- 
tic centre  E will  be  generated. 


Practical  Magnetism.  219 

It  has  been  obferved,  that  the  magnetic 
centre  of  this  fragment,  at  firft,  is  always 
nearer  to  the  fracture  F,  but  in  time  it  ad-^ 
vances  nearer  to  the  middle  of  the  frag- 
ment, The  original  centre  C of  the  other 
piece,  A F,  after  the  fradure,  will  like- 
wife  advance  nearer  to  the  middle  of  it. 

This  experiment  may  be  diverfified  in 
the  following  manner  A fteel  bar,  of 
about  fix  inches  long,  and  a quarter  of  an 
inch  thick,  being  made  quite  hard,  may  be 
broke  in  two  unequal  parts^  thefe  parts 
may  be  joined  together,  and  prefled  againfl: 
each  other,  fo  as  to  make  them  look  as  i^  the 
bar  had  not  been  broke  ; in  this  fituation, 
it  may  be  rendered  magnetic  by  the  appli- 
cation of  very  powerful  magnets  to  its  ex- 
tremities 3 after  which,  on  examination, 
the  whole  bar  will  be  found  to  have  two 
poles  on  its  extremities,  and  one  magnetic 
centre  in  its  middle ; but  if  the  parts  be 
feparated,  each  will  be  found  to  have  two 
poles  and  a magnetic  centre,  &c. 

What  has  been  here  faid  of  artificial 
magnets,  has  been  found  true  with  natural 
magnets  alfo,  and  with  magnets  having 


more 
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more  than  two  poles ; in  fliort,  if  a mag- 
pet  be  broke  in  feveral  pieces,  every  frag-«> 
rnent  is  a coniplete  magnet,  having  at 
leaft  two  poles  and  one  magnetic  centre  | 
nor  was  a piece  of  a magnet  ever  produ- 
ced which  had  only  one  polarity* 

Experiment  VIL 
OJ' removing  the  magnetic  centre  in  a magnet. 

The  fame  means,  which  facilitate  the 
tranfition  of  the  magnetic  power  from  one 
part  to  the  other  of  a ferruginous  body, 
have  likewife  the  power  of  removing  the 
magnetic  centre,  in  magnets  which  have  it 
not  in  their  middle,  and  to  make  it  approach 
nearer  to  that  point ; hence  this  may  be 
effedled  yarious  ways,  viz,  by  ftriking  a 
magnetic  bar  repeatedly,  by  heating  it,  by 
hard  rubbing,  &c. ; but  it  muft  be  con- 
fidered,  that  thofe  very  means  generally 
tend  to  weaken  the  magnetifm  of  the  mag- 
net ; therefore  they  ought  not  to  be  ap- 
plied beyond  what  may  be  neceffary  to 
produce  a fenfible  removal  of  the  magnetic 
centre  from  its  original  place. 

C H A P« 
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CHAPTER  V. 

Of  communicated  magnetifm,  or  of  the  vari- 
ous methods  of  making  artificial  magnets'. 


Experiment  I. 

To  make  a piece  of  iron  acquire  the  magnetifm 

from  the  earth. 


AKE 


a 


bar  of  foft  iron,  about' 
two  or  three  feet  long,  and  between 
half  and  two  inches  thick  (fome  kitchen 
pokers  are  very  fit  for  this  experiment) 
and  place  it  ftraight  up  *.  Then  place  a 


^ In  a proper  manner  of  making  the  experiment, 
the  iron  bar  ought  to  be  placed  in  the  magnetical  line, 
in  the  diredlion  of  the  dipping  needle  ; but,  as 
few  perfons  are  furnifhed  with  a dipping  needle,  and 
many  may  be  defirous  of  performing  this  curious  ex- 
, periment,  it  will  be  fufficient  for  thofe  perfons  to  place 
the  bar  ftraight  up,  when  they  are  in  higher  latitude 
than  40®  north  or  fouth,  but  to  place  it  horizontally 
when  they  are  nearer  to  the  equator  than  the  above- 
mentioned  degree  of  latitude* 


magnetic 
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magnetic  needle  on  a pin,  and,  holding  the 
pin  in  your  hand,  prelent  the  needle  to  the 
various  parts  of  the  bar  from  top  to  bottom, 
and  you  will  find,  that  in  this  ifland  the 
lower  half  of  the  bar  is  polfelTed  of  the 
north  polarity,  capable  of  repelling  the 
north  and  of  attradling  the  fouth  pole  of 
the  needle,  and  the  upper  half  is  poflefiTed  of 
the  foiith  polarity,  capable  of  repelling  the 
fouth  and  of  attracting  the  north  pole  of 
the  needle.  The  attraction  is  ftrongeft  at 
the  very  extremities  of  the  bar,  it  dimi- 
niflies  as  it  recedes  from  them,  and  va- 
nilhes  about  its  middle,  where  no  one  pole 
of  the  needle  is  attracted  in  preference  to  the 
other.  In  fliort,  in  that  fituation,  the  iron 
bar  is  as  much  a magnet  as  any  piece  of 
iron  that  (lands  within  the  influence  of  a 
magnet 

D I 

If  you  turn  the  bar  top-fide  down,  the 
extremity  of  it,  which  was  fouth  pole  when 


* Befides  its  power  on  the  needle,  if  the  iron  bar 
be  not  very  Ihort,  it  will  even  attrat  fmall  pieces  of 
iron,  as  flings,  &c.  that  are  placed  near  its  extre- 
mity. 


6 


it 
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it  flood  uppermofl,  will  now  become  north 
pole,  and  the  other  extremity  will  become 
fouth  pole. 

In  the  fouthern  parts  of  the  world,  the 
lower  part  of  the  bar  is  a fouth  pole ; or,  to 
be  more  explicit^  when,  in  any  part  of  the 
world,  the  bar  is  fituated  in  the  magnetic 
line,  the  extremities  of  the  bar  will  acquire 
the  polarities  correfponding  to  the  nearefl 
poles  of  the  earth. 

Experiment  II. 

Jix  in  an  iron  bar  the  7nagnetifm  which 
is  communicated  to  it  by  the  earth. 

The  very  foft  iron  acquires  the  greatefl 
degree  of  magnetic  power  in  the  fhorteft 
time,  but  lofes  it  with  the  fame  quicks 
nefs  ; fo  that,  if  the  preceding  experiment 
be  performed  with  a bar  of  that  fort  of 
iron,  the  magnetifm  communicated  to  it 
by  the  earth  will  not  be  permanent ; but 
if  it  be  made  red-hot,  and  be  left  to  cool 
in  the  magnetic  line,  or  if  it  be  repeatedly 
flruck  with  a hammer,  whilfl  flanding  in 

the 
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the  magnetic  line,  it  will  thereby  acqulic 
a fmall  degree  o.'  '^rmanent  magnetifni^ 
which  power,  howv  ‘‘  either  by  leaving 
the  bar  for  fome  tinie  in  an  improper  fi- 
tuation,  or  by  inverting  and  ftriking  it 
again,  will  be  foon  deftroyed: 

When  the  iron  is  fomewhat  harder,  the 
acquired  magnetifm  lafts  much  longer  i 
though  a longer  time,  or  longer  operation; 
be  required  in  order  to  render  it  mag- 
netic. 

f 

As  the  conftant  adlion  of  a weak  mag- 
net ' on  a ferruginous  body  continually 
tends  to  increafe  the  magnetifm  of  that 
body;  fo  the  iron  bars,  which  are  left  in 
the  direction  of  the  magnetic  line  for  a con- 
fiderable  time,  become  continually  more 
ftrongly  magnetic,  and  the  acquired  power 
becomes  more  permanent. 

The  reafon  why  iron,  by  long  ftanding; 
by  hammering,  &c.  acquires  a perma- 
nent  magnetifm  from  the  earth,  whereas 
by  the  mere  pofition,  in  a fhort  time,  the 
power  is  not  at  all  permanent,  feems  to  be 
the  unequal  texture  of  the  iron : fuppofc, 

for 
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for  Inftancei  that  a piece  of  iron  is  com- 

pofed  of  hard  and  foft  particles,  or  of 

fome^  through  which  the  magnetic  power 

moves  very  eafily,  and  others,  through 

which  it  moves  very  flowly.  The  former 

then,  of  thofe  particles,  accjulre  the  mag- 

netifm  at  firft  ffdm  the  Carth,  and  lofe  it 

» 

Very  eafily ; but, by  continuing  irl  the  fame 
pofition,  or  by  being  foftened,  &c.  the  hard 

t 

particles  gradually  acquire  magnetifm  from 
the  former,  and,  having  once  acquired  it, 
retain  that  power  for  a long  time.  It  is, 
befides,  very  probable,  and,  in  certain  cir- 
cumftances,  actually  proved,  that  fome  fort 
of  iron  becomes  harder  by  being  kept  long 
expofed  to  the  atmofphere. 

Experiment 

To  communicate  a permanent  magnetifm  to  d 
ferruginous  body^  by  means  of  an  iron  bar^ 
whilf  this  is  rendered  tnagnetic  by  the 
earth. 

The  fimplefi:  method  of  producing  tliis 
effedt,  is  deferibed  in  the  Philofophical 

Q.  Tranfadtions, 
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Tranfadtions,  by  Mr.  Arnold  Marcel  ^ ; 
part  of  whofe  paper  I think  it  not  im- 
proper to  tranfcribe  in  this  place,  it  being 
the  lirfl:  method  of  the  kind  that  I find 
publiihed. 

, In  the  year,’*  fays  he,  1726,  making 
feveral  further  obfervations  about  the 
magnetical  force,  which  I found  in 
great  pieces  of  iron,  I made  ufe  of  a 
large  iron  vice,  about  90  lb  weight,  in 
which  I fixed  a fmall  anvil  of  about 
1 2 lb.  Upon  the  bright  furface  of  this 
**  anvil  I laid  the  fteel,  to  which  I would 
“ give  the  virtue,  in  a pofition  of  north 
and  fouth,  which  happened  to  be'  in  a 
diagonal  of  the  fquare  furface  of  the  an- 
vil  ; then  I took  a piece  of  iron,  one 
inch  fquare,  and  33  inches  long,  of 
about  eight  lb.  weight,  having  at  one 
end  the  figure  here  reprefented  (fig.  12* 
plate  II.)  brightly  poliflied  at  A,  and 
taper  at  the  other  end:  Then  I held, 
faft  down  the  piece  of  fteel  upon  the 
anvil  with  one  hand,  and  with  the  other 

c 

• Martyn’s  Abridgment,  Vol.  VI.  Part  II.  p.  27^' 

« I held 
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I held  the  ifoh  baf  aforefaid  perpendi- 
cular,  with  its  point  A iipon  the  fteel^ 
and,  preffing  hard^  I rubbed  the  fteel 
with  the  iroii  bar  towards  me^  from 
north  to  fouth,  feveral  ftrokes^  always 
carrying  the  bar  far  enough  found 
about,  to  begin  again  at  the  north,  to 
prevent  the  drawing  back  of  the  mag- 
nbtical  force.  Having  thus  given  16  or 
12  ftrokes,  I turned  the  fteel  upfide 
down,  leaving  it  in  the  fanne  pofition 
as  to  north  and  fouth,  arid,  after  rubbing 
it  and  turning  it,  till  I rubbed  it  about 
406  times,  it  received,  by  degrees^  more 

» * 

**  and  more  ftrength^  and  at  laft  had  as 
**  much  as  if  it  had  been  touched  by  a 
ftrong  load-ftone.  The  place  where  I 
began  to  rub,  was  always  that  which 
pointed  to  the  north  when  the  needle 
was  hung,  the  end  where  I had  ended 
the  ftr^ke  turning  to  the  fouth.  Sorne- 
times  it  has  happened,  that  in  a fevv 
ftrokes  I gave  the  fteel  its  virtue;  nay,* 

**  even  in  the  very  fir  ft  ftroke^  one  may 
give  a great  deal  to  a fmall  needle^  This 
way  I have  given  the  magnetical  virtue 

0^2  to 
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* I. 

“ to  needles  of  fea-compafles,  made  of 
“ one  piece  of  fteel,  fo  ftrongly,  that 
“ one  of  the  poles  would  take  up  |,and  the 
“ other  a whole  ounce- of  iron  : although 
“ thefe  needles  were  anointed  with  linfeed 
oil,  which  made  a hard  coat,  to  keep 
them  from  rufting,  yet  they  kept  the 
virtue  ; but  in  ftrengthening  thefe  fort 
of  needles,  I rubbed  by  turns  firft  to  the 
right  and  then  to  the  left  fide. 

**  The  fame  way  I brought  the  virtue 
into  the  point  of  a*  knife,  fo  that  it 
**  would  fuftain  i Jounce. 

**  I brought  the  faid  virtue  into  four 
fmall  pieces  of  fteel,  each  one  inch  long, 
and tt  inch  broad,  as  thin  as  the  fp ring  of 
a watch.  Thefe  four  pieces  I joined 
**  together,  as  into  an  artificial  loadftone, 
weighing  i8  grains  Troy,  and  then  it  did 
**  draw  up  and  fuftain  an  iron  nail,  which 
**  weighed  144  grains  This  artificial 

loadftone  has  now  thefe  fix  years  been 
tumbled  about,  and  been  lying  among 

V iron  and  fteel,  and  in  any  pofition,  and 

V yet  it  has  rather  got  more  t^n  loft 
any  of  its  virtue. 
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The  magnetical  virtue  being  thus 
**  brought  into  iron  or  fteel,  I have  far- 
thcr  obferved,  that  that  end  where  the 
ftroke  was  begun,  would  draw  to  the 
north,  and  where  the  ftroke  ended,  to 
the  fouth,  in  whatever  lituation  the  fteel 
had  been  laid  upon  the  anvil  to  give 
it  the  virtue.  I took  a piece  of  fteel,  and 
rubbed  it  from  one  end  to  the  middle, 
and  then  from  the  other  end  to  the 
middle,  and  found  it  had  two  north 
poles,  one  at  each  end,  and  the  middle 
a fouth  pole. 

**  Further,  beginning  to  rub  from  the 
middle  towards  each  end'  of  another 
piece  of  fteel,  I found  it  to  have  at  each" 
end  a fouth  pole,  and  in  the  middle  a 
north  pole.*' 

A very  eafy  way  of  giving  magnetifm  to 
a fmall  piece  of  foft  fteel,  is  the  follow- 
ing : — Take  two  pokers  of  foft  iron,  or  two 
iron  bars,  of  about  an  inch  fquare,  and  more 
than  3 feet  in  length,  keep  them  in  themag- 
netical  line,  or  (if  inthisifland)  perpendicu- 
larly, as  fhewn  in  fig.  i 3.  of  plate  II.  Then 
let  the  piece  of  fteel  C B be  either  fattened 

CL3  to 
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to  the  edge  of  a table,  or  be  held  by  an  af-^ 
fiftant;  and,  placing  the  lower  extremity  of 
the  bar  A B,  and  the  upper  extrephty  of 
the  bar  C D,  both  on  the  fame  fide,  and  in 
the  middle  of  the  fteel,  ftrpke  the  fleel 
from  the  middle  towards  its  extremities, 
moving  the  end  of  the  bar  C P from  the 
middle  of  the  piece  of  lleel  towards  its  end 
C,  at  the  fame  time  that  the  end  of  the 
bar  A B is  moving  ft'orn  the  middle  of  the 
piece  of  fteel  to  its  other  extremity  B,  and 
v/hen  the  bars  are  arrived  to  the  faid  extre- 
mities, remove  them  frorn  the  fteel,  and 
apply  them  again  to  the  middle,  and  fo  on; 
thus  ftroking  the  piece  of  fteel  about  40 
or  50  times  on  every  fide,  will  give  it  a 
confiderable  degree  of  magnetifm. 

It  is  evident,  that  if  in  this  experiment, 
when  the  iron  bars  are  arrived  to  the  ex- 
tremities of  the  fteel,  you  bring  them  back 
to  the  middle  of  it,  by  drawing  them  alpng 
the  furfaqe  of  the  fteel,  the  experiment  will 
not  fucceed,  becaufe  the  magnetic  power 
cornmunicated  by  their  rubbing  the  fteel  in 
one  direction,  will  be  deftroyed  by  their 

I : 

contrary  rnotion, 

• t 

Experiment 
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Experiment  IV. 

To  conJlruSi  artificial  magnets^  after  the 
manner  of  Mr.  Canton  *.  " * 

Let  fix  bars  be  made  of  foft  fteel,  about 
3 inches  long,  t inch  broad,  and  inch 
thick.  Let  alfofix  other  Heel  bars  be  made 
q.uite  hard,  and  about  fix  inches  long,  half 
an  inch  broad,  and  one  eighth  thick.  Each 
of  thofe  fets  of  bars  muft  have  two  pieces 
of  foft  iron,  called  fupports  or  condu<3:ors, 
both  equal  to  one  bar  of  the  refpedlive  fet. 
One  end  of  each  of  thefe  12  bars  muft 
be  marked  with  a line,  which  end  is  to- 
become  the  north  pole.  Have  ready  alfo 
an  iron  poker  and  tongs,  that  have  been 
long  in  ufe. 

Place  the  poker  nearly  upright,  or  rather 
in  the  magnetical  line,  with  its  point  down- 
wards ; and  let  one  of  the  foft  fteel  bars  be 
tied,  by  means  of  a thread,  to  the  middle 
of  it,  and  with  the  marked  end  downwards  • 
then  with  the  lower  end  of  the  tongs,  held 
alfo  in  an  upright  pofition,  or  in  the  mag. 

* Phil.  Tranf.  for  the  year  lyji  and  1752 

CL4  netical 
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celical  line,  ftroke  the  fteel  bar  from  the 
marked  end  upwards,  about  lo  times,  on 
both  fides,  which  will  give  it  power  enough 
to  keep  fufpendcd  a fmall  key.  Thus  com- 
municate the  magnetifm  to  four  of  the 
fmall  bars. 

i 

This  done,  lay  the  two  other  fmall  bars 

« , 

on  a table,  parallel  to  each  other,  about  a 

quarter  of  an  inch  afunder^  and  between 

their  iron  condu£tors,  A B,  C D.  fig.  14. 

of  plate  II. ; taking  care  to  place  the 

marked  end  of  pne  of  the  bars  on  one  fide, 

and  the  marked  end  qf  the  other  bar  on 

the  ppppfite  fide.  Now  place  the  four  bars, 

already  made  magnetic,  in  the  form  fhewn 

in  fig.  15.  *viz.  two  with  their  north  poles 

downwards,  and  the  other  twp  with  their 
« 

fouth  poles  downwards.  The  two  of  each 
pair  muft  be  placed  breadth  to  breadth,  and 
the  twp  pairs  being  put  contiguous  to  each 
other  at  top,  muft  be  kept  open  to  a fmall’ 
angle  by  the  interpofition  of  fome  hard 
fubftance  I.  This  fort  of  compound  rnag- 
net,  formed'  of  the  four  bars,  muft  be 

' « • .t  r t ' $ ' 

placed  with  its  aperture  on  the  middle  of 
one  of  the-foft  bars  A C,  taking  care  to 

* tl 

let 


Practical  Magnetism,  1^33 

let  the  fouth  poles  H be  towards  the 
marked  end  of  the  bar  A C,  and  the  north 
poles  F towards  the  other  extremity,  la 
this  pofition,  the  compound  rnagnet  muft 
be  Aid  from  end  to  end  of  the  faid  bar, 
when  the  poles  H are  arrived  at  C, 
move  the  compound  magnet  backwards 
the  other  way,  till  the  poles  F come  to 
A,  &c.  Thus  ftroke  the  lying  bar  fouif 
times,  ending  at  the  middle  j from  whence 
take  up  the  compound  magnet,  and  remove 
it  to  the  middle  of  the  other  lying  bar 
B D,  taking  care,  as  above,  to  let  the  fouth 
poles  be  towards  the  marked  end  of  the 
bar;  rub  this  in  the  like  manner;  then  turn 
the  bars  AC,  B D,  with  the  fides  that 
flood  towards  the  table  upwards,  and  re- 
peat the  operation  on  thofe  other  fides. 

I 

This  being  done,  take  up  the  two  bars 
AC,  B D,  and  let  them  form  the  inner 
two  of  the  compound  magnet ; and  place 
thofe  which  were  before  the  two  outfide 
©nes,  between  the  pieces  of  iron,  or  con- 
duftors,  and  rub  them  with  the  compound 
magnet  formed  out  of  the  other  four  bars, 
in  the  fame  manner  as  before.  This  ope- 
ration 

f 
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ration  muft  be  repeated  till  each  of  the  fix 
bars  has  been  rubbed  four  or  five  times,  by 
which  means  they  will  acquire  a confider- 
able  degree  of  magnetic  power. 

When  the  fmall  bars  have  been  thus  ren- 
dered magnetic,  in* order  to  communicate 
the  magnetifm  to  the  large  bars,  lay  two 
of  them  upon  the  table,  between  their  two 
conductors,  or  pieces  of  iron,  in  the  fame 
manner,  and  with  the  fame. precautions,  as 
were  ufed  for  the  fmall  bars ; then  form  a 
compound  magnet  with  the  fix  fmall 
bars,  placing  three  of  them  with  the 
north  poles  downwards,  and  the  three 
others  with  their  fouth  poles  down- 
wards. Place  thofe  two  parcels  at  an  an- 
gle, as  was  done  with  four  of  them, 
the  north  extremity  of  one  parcel  being 
put  contiguous  to  the  fouth  extremity  of 
the  other,  and  with  this  compound  mag- 
net ftroke  four  of  the  large  bars,  one  after 
the  other,  about  twenty  times  on  each  fide, 
by  which  means  they  will  acquire  fome 
magnetic  power. 

When  the  four  large  bars  have  been  fo 
far  rendered  magnetic,  the  fmall  bars  are 
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laid  afide,  and  the  large  ones  are  ftrength-  ^ 
cned  by  themfelves,  in  the  fame  manner  as 
was  done  with  the  fmall  bars. 

With  fome  fort  of  fteel  a few  ftrokes  are 
fufficient  to  impart  to  them  all  the  power 
they  are  capable  of  retaining  ^ other  forts 
require  a longer  operation  s and  fometimes 
it  is  impoffible  to  give  them  more  than  a 
juft  fenfible  degree  of  magnetifm. 

In  order  to  expedite  the  operation,  the 
bars  ought  to  be  fixed  in  a groove,  ‘ or 
between  brafs  pins ; otherwife  the  attrac- 
tion and  fridlion  between  the  bars  will  be 
continually  deranging  them,  when  placed 
between  the  condudlors. 

After  what  has  been  faid  in  the  pre- 
ceding pages,  the  reader  may  eafily  com- 
prehend the  reafons  of  the  operations  here 
defcribed,  for  conftrudling  artificial  mag- 
nets. 


Experiment 
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Experiment  V, 

7^0  communicate  magnetifm  by  means  of  two-. 

magnetic  bars. 

It  may  be  readily  underftood,  that  in 
order  to  communicate  magnetifm  by  means 
of  two  magnetic  bars,  the  operation  goes* 
on  much  in  the  fame  manner  as  in  the 
preceding  experiment ; but  as  it  is  more 
convenient  to  ufe  two  bars;  and  as  the  ob- 
fervations  which  may  be  made  on  the  ufe 
of  them  are  alfo  applicable  to  the  other 
methods  of  communicating  magnetifm,  I 
thought  proper  to  treat* of  it  apart. 

In  order  to  communicate  magnetifm  to 
a ftetl  bar,  to  the  needle  of  a compafs, 
&c.  place  the  bar  or  needle  B,  fig.  i6. 
plate  II.  upon  a table;  then  place  the  two 
magnetic  bars  C D,  E F,  ftraight  up  upon 
A B,  at  a little  and  equal  diftance  from  the 
middle  of  the  bar  A B,  and  in  fucb  manner 
as  the  fouth  pole  D of  one  of  the  bars  may 
be  neareft  to  that  end  of  the  bar  A B, 
which  is  required  to  become  the  north 

10  pole. 
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Dole,  &c.  then  thefe  two  bars  muft  be 
(lid  gradually  towards  one  extremity  of  the 
bar,  keeping  them  conftantly  at  the  fame 
diftance  from  each  other ; and  when  one  of 
the  magnetic  bars,  for  inftance  C D,  is  ar- 
rived at  A,  then  they  muft  be  Aid  the  con- 
trary way,  till  E F arrives  at  B ; and  thus 
the  bar  A B muft  be  rubbed  a greater  or 
fmaller  number  of  times  till  it  will  be 
found,  by  trial,  to  have  acquired  a con- 
fiderable  power.  When  the  magnetic  bars 
are  powerful,  and  the  bar  A B is  of  very 
good  fteel,  and  not  very  large,  a dozen  of 
ftrokes  are  fully  fufficient. — When  the 
magnetic  bars  are  to  be  removed  from  the 
bar  A B,  care  muft  be  had  to  bring  them 
to  the  fame  fituation  where  they  were  firft 
placed,  v/z.  at  a little  and  equal  diftance 
from  the  middle  of  the  bar  A B,  and  then 
they  may  be  lifted  up. 

In  this  operation  the  effedl  of  the  bars 
may  be  improved  feveral  ways,  which  will 
be  found  neceffary  when  the  bar  A B is 
proportionably  large,  and  it  is  required  to 
give  it  the  greateft  poflible  power.  This 
may  be  effedled,  firft,  by  joining  the  mag- 
netic 
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netlc  bars  at  top,  interpofing  a piece  of 
wood  or  other  fubftance,  except  iron,  to 
keep  them  apart,  as  flicwiv  in  iig.  17;  for 
in  this  manner,  the  upper  poles  of  the  bars 
being  contiguous,  will  tend  to  ftrengthen 
each  other,  and,  of  eourfe,  their  lower 
poles  will  alfo  be  ftrengthened.  Secondly, 
by  placing  the  bar,  to’be  rendered  magnetic, 
between  two  bars  of  foft  iron,  of  two  other 
magnets,  as  fliewn  in  fig.  17.  or  in  the 
manner  directed  in  thepreceding  experiment. 
Thirdly,  the  magnetic  bars  may  be  inclined 
the  contrary  way,  after  the  manner  ufed  by 
Mr.  Aepinus,  fig.  18.  plate  II.  fo  that  the 
magnets  C D,  E F,  may 'make  an  angle  of 
about  15  degrees  with  the  bar  A B. 

The  bar  A B may,  in  the  fame  manner, 
be  rendered  magnetic  by  means  of  an 
armed  magnet,  as  fhewn  in  fig.  19.  of  by 
a horfe-flioe  magnet,  as  (hewn  in  fig.  20. 
placing  both  the  poles  of  the  magnet  in 
contact  with  the  bar,  &c. 

In  all  thofe  methods  the  bar  to  be  ren- 
dered magnetic  muft  be  IJroked  on  every 
fide;  and  in  order  to  let  the, magnetic  cen- 
tre fall  juft  in  its  middle,  care  muft  be  had 

to 


) 


Practical  Magnetism.  239 

to  ftroke  one  half  of  the  bar  juft  as  often 
as  the  other  half. 

Whenever  a fteel  bar,  or  in  general  a 
piece  of  ferruginous  fubftance,  is  rendered 
magnetic  by  applying  two  bars,  or  when- 
ever two  magnetic  poles  are  applied  to  it 
at  the  fame  time,  as  ufed  in  this  and  the 
preceding  experiment,  the  operation  is 
ufually  called  the  double  touchy  in  diftinc- 
tion  from  the  Ji7^gle  touchy  which  is  when 
only  one  magnetic  pole  is  applied  to  it. 

Experiment  VI. 

21?  comfnunicate  the  magnetic  power  to  crooked 

Jleel  bars. 

Artificial  magnets  are  frequently  made 
in  the  fhape  of  a femicircle,  or  like  a 
horfe-fhoe,  for  the  fake  of  bringing  both 
poles  in  the  fame  plain.  Thefe  are  ren- 
dered magnetic  in  the  fame  manner  as  the 
ftraight  bars,  excepting  only,  that  the  mag- 
netic bars  which  are  ufed  for  it,  muft  fol- 
kw  the  curvature  of  the  fteel  bar;  thus, 
if  it  be  required  to  render  magnetic  the 
piece  of  fteel  ABC,  fig.  plate  II. 

place 
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place  it  flat  upon  a table^  and  to  its  ex- 
tremities apply  the  magnets  D F,  EG; 
joining  their  extremities  F G with  the 
conduftor  or  piece  of  foft  iron  F G. 
Then  apply  the  magnetic  bars  H,  I,,  to 
the  middle  of  the  piece  ABC,  and  flroke 
it  with  them,  from  end  to  end,  following 
the  direftion  of  the  bent  fteel ; fo  that  on 
one  fide  of  it  the  magnetic  bars  may  fland 
in  the  diredlion  indicated  by  the  dotted  re-^ 
prefentation  L K.— In  this  manner,  when 
the  piece  of  fteel  has  been  rubbed  a fufH^ 
cient  number  of  times  on  one  fide,  turn 
the  other  fide  upwards,  and  repeat  the 
operation  till  it  has  acquired  a fufficient 
degree  of  magnetifm* 

In  this  operation  the  fame  precautions 
muft  be  followed  as  were  recommended 
for  the  method  of  communicating  the 
magnetifm  to  ftraight  bars,  viz.  the  mag- 
nets D F,  E G,  as"  \yell  as  the  magnets 
H,  I,  muft  be  placed  fo  that  their  fouth 
poles  muft  be  towards  that  extremity  of 
the  bent  fteel  which  is  required  to  be 
made  the  north  pole,  and  their  north  poles 
towards  the  other  extremity*  The  mag- 
nets 
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nets  I,  H muft  be  firft  placed  on  the  mid- 
dle of  the  bent  fteel ; and  after  having 
drawn  them  over  one  leg  of  it  as  often  as 
over  the  other,  in  order  to  let  the  mag- 
netic centre  fall  juft  in  the  middle  of  the 
bent  fteel,  they  are  removed,  &c, 

f - ’ • « • 

Experiment  VII. 

T'g  communicate  7?2agnetifm  by  the  application 
of  only  one  77iag72etic  pole,  ■ 

If  a'perfon  have  only  one  magnetic  bar^^ 
or  a terrella,  with  which  he  wiihed  to  ^ive 
magnetifm  to  a,  needle  .or  other  bar,  the 
only, way  of  effefting  it  is,  to  apply  one  pole 
of  the  terrellaj . or  magnetic  bar  A B,  fig» 
22.'  plate  II.  to , one  extremity  C of  the 
needle,  and  to  draw  it  all  .along  the  fur-*- 
face  of  it  till  :it  reaches  to  the  other  ex- 

<.  4 

tremity  D ; then  the  magnet  being  re- 
moved muft  -be  'applied  again  to  the  ex-, 
tremity  C,  and  muft  be  drawn  over  the 

4 

needle  as  before.  Thus  the  needle  muft 
be  rubbed  feveral  times,  by  which  means 

R it 
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it  will  acquire  a confiderable  degree  of 
magnctifm. 

It  mull  be  obfcrved,  that  the  extremity 
of  the  needle  which  the  pole  of  the  mag- 
net touched  laft,  acquires  the  contrary  po- 
larity. Thus,  in  the  prefent  inftance,  if 
B be  the  north  pole  of  the  magnet,  then 
the  extremity  D of  the  needle  will  after- 
wards be  found  to  have  acquired  the  fouth 
polarity,  and  the  other  extremity  C,  the 
north. 

In  this  operation  it  is  evident,  that  after 
the  firft  ftroke,  when  the  magnet  is  ap- 
plied again  to  C,  this  extremity,  having 
acquired  the  north  polarity,  will  have  that 
power  deftroyed  ’by  the  vicinity  of  the 
north  pole  B of  the  magnet ) fo  that  it 
fecms  that  every  flroke  undoes  what  was 
done  in  the  preceding;  however  the  fadt 
is,  that  by  repeating  the  ftrokes  the  power 

is  increaled ; but,  in  general,  this  method 
• > 

will  never  be  fo  advantageous  as  when 
more  than  one  magnetic  pole  is  ufed ; 
hence  it  ought  not  to  be  ufed  excepting  in 
cafe  of  neceffity,  viz.  when  one  has  only 
one  magnetic  bar  or  terrella. 

Experiment 
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Experiment  VIII. 

2" 9 Jhew  the  difadvantages  arljing  from  the 
improper  ufe  of  jnagnets  of  drferent  powers 
and  of  feel  not  properly  hardened. 

After  having  communicated  the  mag- 
netic power  to  a flieel  bar,  by  means  of  a 
given  magnet,  examine  its  power;  then 
take  a weaker  magnet,  ' and  with  it  rub 
the  jfieel  bar  again  in  the  fame  dired:ion 
as  was  done  before ; ufing  the  fame  pole> 
and,  in  Ihort,  following  exactly  the  fame 
operation;  after  which  it  might  be  expecfled, 
that  the  magnetic  power  of,  the  fteel  bar 
was  increafed;  but,  on  the  contrary,  it  will 
be  found  that  its  power  is  diminifhed, 
being  now  not  ftronger  than  if  the  fteel  bar 
had  been  rendered  magnetic  by  the  fecond 
weak  magnet  alone. 

In  this  experiment  it  is  required  that 
the  fecond  magnet,  though  weaker  than 
the  firft,  yet  be  not  fo  ftrong  as  to 
render  the  fteel  magnetic  to  its  point 
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of  faturation,  viz.  as  much  as  it  can 
hold  ; for  in  that  cafe  the  difference 
between  the  effedls  of  thertwo  magnets 
could  not  be  obferved. 

It  appears,  therefore,  that'  if  inxom- 
nlunicating  magnetifm^  it  be  advantageous 
to  ufe  weak  magnets  fiiil:,  and  then  ftronger 
ones,  yet  .the  contrary  is  detrimental. 

In  refpedl  to  the  ibff  nature  of  the'fteel 
that  is  ufed  for  artificial  magnets*,  it  hmfl'b'c' 
obferved,  that  foft  fteel,  or  iron,  befidef 
its  iofing  the  miagrietic  power  very  eafily, 
is  fubjedl  to  acquire  more  than  two  poles'.* 
This  may  be  bbfefvcd'  iuTthe  following* 
manner: — Take  two  wires,  about  fdurte'eh" 
inches  long,  and  an  eighth  of  an  inch’  in^ 
diameter;  and  let  one  be  of  fteel,  quite  hard, 
and  the  .other  of  very  foft  fteel,  or  of  iron,^ 
but  not  bf  the  fofteft  fort:  then,  by  means 
of  magnetic  bars,  render  thefe  two'wifes^ 
magnetic,'  one  after  the  other,  treating  thehi 
both  alike,  and  it  will  be  generally'fouhd, 
that  the  wire*  of  hard  fteel  will  have  ac- 
<^uired"  only’ two  magnetic  poles,  one  at 
each  extremity  ; whereas'  the  other  ^ wire 
v/ill  have  more  than  two’poles.  . ' ‘ 

_5  ' " Experiment 
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Experiment  IX. 


jT ? improve  natural  magnets^  - 

The  fame  means  by  which  fteel  bars 
are  rendered  magnetic,  or  are  flrengthened 
in  power,  may  be  applied  to  increafe  the 
power  of  a weak  natural  magnet,  or  to 
render  magnetic  certain  iron  ores  j but  as 
the  natural  magnets  'are  in  general  very 
fliort,  one  canTeldom  do  more  than  place 
them  between  ftrong  magnetic  bars;  how- 
ever, when  they  are  fufficiently  long,  be- 
fides  putting  them  between  magnets,  they 
muft  be  rubbed  with  other  magnetic  bars, 

fk 

in  the  fame  manner,  and  uhno-  the  fame 
precautions  as  were  recommended  in  the 
methods  of  making  artificial  magnets. 

For  this  operation  it  is  always  proper' to 
remove  the  armature  from  the  natural 
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magnets  if^they'haVe  any/ "as  is  generally 
the  cafe.  ' -- r 
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CHAPTER  VI. 

Of  the  ufe  of  the  Magnet ical  Infruments. 

^ I H E magnetical  inftruments  may' be 
JL  reduced  to  three,  viz,  the  magnetic 
bars,  the  compafs,  and  the  dipping  nee- 
dle. There  needs  nothing  more  be  faid, 
in  particular,  relating  to  the  magnetic  bar»^ 
their  ufe  in  communicating  magnetifm  to 
other  bodies,  and  in  difeovering  the  pre- 
fence  of  iron  in  various  fubftances,  having 
been  already  fufficiently  examined. 

As  to  the  ufe  of  the  fimple  compafs, 
the  reader  can  hardly  expedl  any  farther 
- explanation ; for  as  its  office  is  to  place  itfelf 
always  in  the  fame  pofition,  it  ferves  to  ffiew 
the  bearing  of  different  places,  efpecially 
where  there  is  no  other  fixed  objedt  to 
.guide,  the  obferver,  _ If . may,  be  only  pro- 
per to  remark,  that  at  fea;  when  the  vef. 
fel  is  very  much  agitated,  and  of  courfe 
the  card  of  the  compafs  is  not  fteady,  the 
befl  way  of  determining  the  true  diredtion  of 
the  velfel,  is  to  take  a mean  between  the 

extremes 
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<rxtremes  of  the  vibrations  of  the  needle. 
Thus,  fuppofe  the  card  was  to  vibrate,  fo 
that  its  north  and  eaft  points  were  the  ex~ 
tremes  of  the  vibrations,  viz,  thofe  points 
did  alternately  coincide  with  the  fixed  line 
\n  the  box,  then  the  true  direition  of  the 
vellel  would  be  N.  E,  or  nearly  fo. 

But  as  the  magnetic  needle  feldom  points 
due  north  and  fouth,  the  bearings  of  places 
cannot  be  accurately  known  by  the  com- 
pafs,  unlefs  its  declination  be  afeertained  j 
which  is  eafily  known  on  land,  by  means 
of  a variation  compafs  placed  in  the  true 
meridian  of  the  place ; but  in  order  to 
afeertain  it  at  fea,  by  means  of  the  azi- 
muth compafs,  there  requires  an  obferva- 
tion  of  *a  celeftial  object,  and  fome  cal- 
culation. I fliall  now  add  the  rules  ne- 
ceflary  to  perform  this  operation,  but  with- 
out going  any  farther  than  the  mere  opera- 
tion ; it  being  incompatible  with ’the  na- 
ture of  this  work  to  explain  the  aftrono- 
mical  and  mathematical  principles  upon 
which  thofe  rules  depend. 

R ^ 
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Definition^. 

The  U'ue  amplitude  of  a celeftial  objeft, 
is  an  arch  of.  the  horizon  contained  be- 
tween the  eaft  or  weft  points  of  the  ho- 
rizon, and  that  point  of  the  faid  horizon 
which  the  centre  of  that -celeftial  objedt 
cuts  in  its  rifing  or  fetting. 

The  fun's  amplitude  is  reckoned  eaft- 
ward  in  the  morning,  and  weftward  in  the 
afternoon  ; and  its  quantity  is  .accounted 
from  the  eaft  or  weft  points,  towards  the 
north  or  fouth.  Thus,  if  the  fun,  in  fet- 
ting,'were  to  pafs  two  degrees  northward 
of  the  weft  point  of  the  horizon/  then  it 
is  faid  that  the  fun's  weftern  amplitude  is 
two  degrees  north. 

The  true  azimuth  of  a celeftial  objecft  is 

• • 

an  arch  of  the  horizon  intercepted  .be- 
tween the  north  or  fouth  point,  and  that 
point  where  a pluin,  pafling  through  the 
zenith  and  the  celeftial  objedt,  cuts  the 
horizon. 

The  fun's  azimuth  is  reckoned  eaftward 

in 
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in  the  morning,  and  weftward  in  the  after- 
noon. 

It  is  ufually  eftimated  from  the  fouth, 
or  from  the  north,  according  as  it  is  nearer 
to  the  one  or  to  the  other  of  thofe  points. 
Thus,  if  it  be  found,  by  obfervatio'n,  that 
the  plain,  which  paffes  through  the  zenith 
and  a liar,  cuts  the  horizon  juft  midway 
between  the  eaft  and  the  fouth,  then  it  is 
faid  that  the  liar’s  azimuth  is  45°  eaftward 
of  fouth. 

. The  magnetic  amplitude  of  a celeftial  ob- 
jed  is  its  bearing  by  the  compafs  when  in 
the  horizon^  • 

* A 

. ,The  magnetic  azimuth  of  a celeftial  ob-» 
Jed  is  its  bearing  by  the  compafs  when 
above  the  horizon. 

The  variation  is  found  by  - comparing 
together  the  true  and  rnagnetic  amplitudes 
or  azimuths  of  celeftial  objeds. 
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Problem  I. 

' 7h  obferve  at  ,fea  the  magnetic  amplitude  of 
a celejlial  objedl  *with  the  azimuth  com^ 
pafs. 

Place  the  compafs  on  a fteady  place, 
from  whence  the  horizon  may  be  clearly 

feen  ; and,  looking'through  the  fight  vanes 

/ \ 

of  the  compafs,  tiirn  the  inftrument  round 
till  the  centre  of  the  fun,  or  other  celeflial 
objecft,  rnay  be'  feen  through  the  narrow 
flit  which  is*  in  orie'of  the  hght  vanes> 
exactly  on  the  thread  which  bifedts  the 
aperture  in  the  other  fight  vane  ; and  when 
the  centre  of^the  celeftiaJ  objedl,  whether 
riling  or  fetting,  is  jufl:  in  the  horizon, 
pufh  the  flop,  in  the  fide  of  the  box,  fo 
as  to  flop  the  card,  pn6.  fhen  read  the  de- 
gree of  the  card  which  hands  juft  againft  the 
fiducial  line  in  the  box,  which  is  the  am- 
plitude fought. 

In  this  operation  fome  aliow^ance  muft 
be^  made  for  the  height  of  the  obferver’s 
eye  above  the  level  of  the  fea. 

Problem 
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Problem  II. 

✓ 

^ 0 ohjerve  at  fea  the  inagnetic  azimuth  of  a 
cekfial  objeSi  with  the  azimuth  compafs. 

Situate  the  inftrument  in  a proper  place, 
as  before,  and  looking  through  the  nar- 
row flit  in  one  of  the  fight  vanes,  turn 
the  box  round,  till  the  centre  of  the  ce- 
leflial  objed:,  when  above  the  horizon, 
may  be  feen  to  coincide  with  the  thread 
in  the  flit  of  the  other  fight  vane,  or  till 
the  fliadow  of  that  thread,  when  the  fun 
is  obferved,  falls  exadly  along  the  line  of 
the  index,  /and  in  the  fame  inftant  flop 
the  card  ; then  read  the  degree,  as  before, 
which  is  the  azimuth  fought.' 

o 

When  the  veffel  'is' very  much  agitated, 
this^,  or  the  preceding  obfervation,  is  bell 
performed  by  two  perfons,  in  the  follow- 
ing manner ; ,viz,  let  one  look  through  the 
lights,  and  turn  the  box  till  the  centre  of 
the  fun  coincides  with  the  thread,  taking 
care  to  keep  a conflant  light  of  the  co- 
incidence, notwithftanding  the' motion  of 

the. 


252  ‘Practical  Magnetism. 

the  veffel.  He  muft  then  fignify  that  co- 
incidence by  j word  or  lign>,  to  the  other 
perfon,  who  rnuft,  at  the  fame  time,  ,ob- 
ferve  what  ^degree'  of’  the  card  is  againft 

• - - • • rt 

the  fiducial  line  in  the  box.  ' When  the 

V 

card  vibrates  very  .much,  the  pbferver  muft 

take  the  middle  degree  between  the  ex- 

tremes  of  the  vibrations,  as  mentioned  in 
. i : ^ L‘'i-  • ■ v.\-\ 

the  beginning  or  this  Chapter, 

N.  B.  At' the  fame"  inftant  in  which 

the  magnetic  acimuth  of  a celeftial  objedl 

is  obferved,  the  altitude  of  theffame  objedt 

muft* be  taken'with  a^fextarit. 


j ‘ « 
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Problem  'III. 


Tj^e  latitude  of  the  place  of^  pbfervation,  and 
the 'declination  of,a  celejiial  objedl being 
given to  find  the  true  ^amplitude  - of  that 
ob'tedi ,1  - * r»  n 

. ~ J '>  < lit  - 
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' ‘THie'^analogy  is  viz.,  th? 

cofine  of  the.  latitude  is  to  the  radius,  as 
the  fine’ of  tlie  declination  is  to  the  coiine 
.of  the  IniplLtude.  ■ The  ^'firil,'fechna,  and' 
third  members  of  this  analogy  being 
' ' known. 
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known,  the  fourth,  viz.  the  amplitude,  is 
found  by  the  common  rule  of  proportion, 
which,  by  ih6  help  of  a logarithmical  ta- 
ble, is  performed  thus : ^ 

Add  the  logarithm  of  the  fine  of  de- 
clination  to' the  logarithm  of  the  radius, 
and  from  the  fum  fubtradt  the  logarithm 

•S  t < \ •,  ..  . I y V . 

of  the  coiine  of  the  latitude.  The  re- 
mainder is,  the  loirarithm  of.  the  cofine  of 


f j • i / 


i ^ ^ 


the  amplitude.— For  inftance,  in  latitude 

qS®  2c'  north,  the  fun’s  declination  hein^ 

-o</  * '>  ^ » 

lb  j requiixd  its  amplitude;? 

v ' i-u/;  ? •; 


Log.  fine  of  i8®  59'  ' '4,512^5? 

~ ^ ^ 'Log.  of  Ta6 146*’  ’ ‘ 2=  ^ I o,oo&oo 

j 1' 

- Sum  - ' r - / IQ, 51-227. 

Log.  cof.  of  38°  25'  = j 9,89405 

■ ••  - " llvt;.'  i'  .♦  - ' f ' ■ ' ..-i  . 


a 


Remainder  - 
n 


9,61822 


-<  'vr* 
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which  is  thci logarithm  of  24*,  32',  the  am- 
plitude required  j iwhich  is  of  the  fame 
name  with  the-,, given  deelinatipn,-,  -u/a:.; 
north  when  the  deelination^is  nqrth,,  as  m 
the  prefent  'inftahee,  and  fqqth  when  the 
declination  is  fouth.  j 
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P R O B L E M I V. 

^he  latitude  of  the  place  of  obfervatioriy  the 

declination  of  a celefial  objedly  and  its  al^ 

t It  tide  y being  given ; required  the  true  azi^ 

7nuth  of  that  obje£i» 

» 

If  the  declinatioil  and  latitude  be  both 
north,  or  both  foiith,  call  the  codeclination 
A ; but  If  they  be  one  fouth,  and  the 
other  north,  add  90°  to  the  declination, 
and  call  the  fum  A. 

Call  the  difference  between  the  colati- 
tude and  coaltitude,  B, 

Let  the  half  of  the  fum  of  A and  B be 
called  D,  and  the  half  of  their  difference  ’ 
be  called  C.  . 

Then  add  together  the  four  following 
logarithms,  ^viz.  the  arithmetic  comple- 
ment of  the  logarithmic  fine  of  the  co- 
latitude,  the  arithmetic  complement  of  the 
logarithmical  fine  of  the  coaltitude,  the 
logarithmic  fine  of  D,  and  the  logarithmic 
fine  of  C. 

Now  take  half  the  fum  of  thofe  four 
7 logarithms. 
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logarithms,  and  that  is  the  logarithmic 
line  of  half  the  azimuth  required. 

For  inftance,  in  latitude  40°  38'  north, 
the  fun’s  altitude  in  the  afternoon  was 
20"  46’,  and  its  declination  17°  10  fouthj 
required  the  fun’s  azimuth  for  that  time. 


The  declination  + 90® 
The  coaltitude 
The  colatitude 


= 107°  10'  = ‘A 

= ^9“  H'' 

= 49 22' 


The  difference  - zi  19°  52^  =:  B 

The  half  fum  of  A and  B = 63®  31''  ==  D 

The  half  difference  of  A and  B =r  43^  39^  rr  C 

The  arith;  coiilpl.  of' log.  fine  of  colat.  =z  0,11982 
The  arith.  compl.  of  log.  fine  of  coalt.  = 0,02917 
The  log.  fine  of  D - - 9,95185 

The  log.  fine  of  C - - n 9,83901 


Sum  of  thofe  four  logarithms  - zz  19,93985 


the  half  of  which'  is  9,96992,  and  this 
is  the  logarithn^ic  line  of  38°  55'j  the 
double  of  which,  viz.  77°  50',  is  the  re- 
quired fun’s  azimuth  from  the  north  point 
of  the  horizon.  { 
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■ ’ ■ ’ i : 

Problem  V.' 

T:he  true  and  magnetic  dmplitudesy  or  azi^* 

* ' • T t 

- miitbsy  'of  a celejii'al  objetiy  being  giveny  to 

djcertam^-the  variation  of  thedompafslfor 
that  time. and  place.  , ..  . , 

Let  the  amplitudes,  as  well  as  the  azi- 
muths, be  ail  reckoned  from  the  north 

* »-  % If  • ♦ 

< • ^ i 4 

point,  which  is  dons  .by  .fubtradting  it 

A 4 ‘ 

from  90°'  when  the  amplitude  is  north- 
\yard  of  the  eaft  or  weft  points,  or  by  ad- 
ding it  to  90®  when  it  is  fouthward  of  the 
faid  points  5 then  either  the' magnetic  am- 
plilude  is  lefs  or  greater  than  the  true  am- 
plitude: ' 

. Whea  th^.  magnetic  amplitude  is  lefs 
than  the.  true,  and  they  are  .both  on  the 
farr\e  fide^  o^f  the  north  point,  their  dif-. 
ference  is  the  variation  towards  the  con-? 
trary  fide  of  the  north ; but  if  they  be  on, 
.different  fides  of  the  north  point,  then 
their  fum  is  the  variation  towards  the  fame 
fide  with  the  true  amplitude. 

When  the  magnetic  amplitude  is  greater 

- - ‘ ^ than 
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than  the  true,  and  they  are  on  the  fame  fide 
of  the  north  point  of  the  horizon,  their 
difference  (hews  the  variation  towards  the 
fame  fide ; but  if  they  be  on  different 
fides,  then  their  fum  is  the  variation  to- 
wards the  fame  fide  with  the  true  ampli- 
tude. Thus,  if  the  magnetic  amplitude 
is  80°  eaftward  of  - north,  and  the  true  am- 
plitude is  82*"  towards  the  fame  fide,  then 
the  variation  is  2°  weft ; and  if  the  mag- 
netic amplitude  be  76°  eaflward  of  north, 
whilfl  the  true  is  5®  weftward  of  north, 
then  the  variation  is  81  weft. 

What  has  been  here  faid  of  the  am- 
plitudes, muft  be  likewife  underftood  of  the 
azimuths,  when  the  variation  is  to  be  efti- 
mated  from  them. 

Problem  VI. 

To  obferve  the  dipping  of  the  magnetic  needle. 

For  this  operation  nothing  more  is  re- 
quired than  to  place  the  dipping  needle  in 
the  magnetic  meridian,  which  muft  be  af- 

S certaincd 
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certalned  by  means  of  a good  compafs  ^ 
but  then  the  two  inftruments  muft  be 
placed  fufEciently  far  from  each,  other. 
Sometimes  the  frame  which  holds- the  dip- 
ping needle  is  furnifhed  with  two  light 
vane5  on  an  index,  which  moves  horizon- 
tally, and  through  which  a diftant  objedt, 
the  bearing  of  which  is  accurately  known, 
may  be  kept  in  view,  in  order  to  fix  the 
dipping  needle  in  the  magnetic  meridian^ 
taking  care  to  let  the  plain  of  the  needle 
form  the  neceflary  angle  with  the  index,  or 
bearing  of  the  diftant  objeft ; which  is 
(hewn  by  the  divided  circle  juft  under  the 
index. 

To  compenfate  in  fome  manner  for  the 
poffible  v/ant  of  balance,  the  poles  of  the 
dipping  needle  are  ufually  reverfed,  by 
means  of  magnetic  bars ; fo  that  its  two 
ends  may  be  made  to  dip  alternately,  and  a 
mean  is  taken  of  the  two  or  more  obferva- 
tions. 

The  greateft  imperfcdlion  of  the  dip- 
ping needle  is,  that  the  niagnetifin  of  the 
earth  adts  upon  it  differently  according  to 
its  difterent  degrees  of  inclination,  and  alfo 

• according 
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according  to  its  greater  or  lefs  magnetic 
power.  This  property,  which  at  firf. 
light  feems  to  be  rather  paradoxical,  wih 
be  rendered  evident  by  the  following  ex> 
planation. 

Let  A B,  fig.  23.  of  plate  II.  be  the 
dipping  needle;  the  circle,  E F,  reprefent- 
ing  one  end  of  its  axis ; the  lower  part  F, 
of  which  refts  upon  the  fuppor.t  C D ; and 
E F is  the  line  which  pafles  through  the 
centre  of  the  needle,  and  divides  it  into 
two  equal  parts.  It  is  evident,  that  before 
the  needle  has  acquired  any  magnetifm,  if 
it  be  of  a uniform  figure,  and  the  axis  be 
truly  cylindrical,  and  placed  in  its  middle, 
the  needle  mufl;  remain  in  any  fituation  it 
is  placed,  becaufe  the  perpendicular  raifed 
from  the  point  where  the  axis  E F touches 
the  fupport  C D,  pafles  always  through 
the  centre  of  the  needle,  dividing  it  into 
two  equal  and  like  parts  ; fo  that  the  nee- 
dle is ' perfectly  balanced  in  any  degree  of 
inclination.  But  it  muft  be  remarked, 
that  though  the  needle  be  perfedly  ba- 
lanced, yet  when  it  ftands  in  an  inclined 
fituation,  as  fhewn  in  fig,  24,  the  part  of 

S 2 it 
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it  G A,  which  (lands  above  the  fupporting 
point  G,  is  longer  than  the  part  B G, 
which  (lands  below  it ; and  this  difference 
increafes  as  the  inclination  increafes,  be- 
caufe  the  axis  of  the  needle  is  not  a mathe- 
matical line,  but  a body  of  a certain 
diameter  ; fo  that  when  the  needle 
Hands  perpendicular,  the  part  of  it 
which  lies  above  the  fupporting  plain 
exceeds  the  other  part  juft  by  the  di- 
ameter of  the  axis.  Now,  when  the 
needle  is  inclined,  as  in  fig.  24.  fuppofe 
that  two  equal  and  like  forces  be  applied  to 
its  extremities  A and  B,  it  is  evident,  that 
the  force  applied  to  the  extremity  A muft' 
have  more  power  to  move  the  needle  than 
that  applied  to  B,  becaufe  G A is  the 
longed  lever  of  the  two.'  This  inequality 
of  effedl  muft  increafe  with  the  inclina- 
tion, and  is  greateft  when  the  needle  Hands 
perpendicular. 

The  application  of  thofe  forces  takes 
place  when  the  needle  is  made  magnetic ; 
for  as  the  greateft  attraftive  and  repulfive^ 
powers  between  the  magnetic  poles  of  the 
earth,  and  the  poles  of  the  needle,  afr 


I 


Practical  Magnetism.  261 

upon  the  extremities  A and  B,  the  irregu- 
larity above  mentioned  muft  Increafe  with 
the  inclination,  and  with  the  degree  of  the 
needle’s  magnetic  power. 

Various  methods  have  been  propofed,  in 
order  to  compenfate  for  this  irregularity ; 
but  none  has  yet  been  found  to  obviate  it 
perfectly ; and  they  generally  introduce 
new  imperfedtions. 


PON  the  table  A B,  fig.  25,  of 


plate  II.  place  a piece  of  iron  wire, 
not  above  a tenth  of  an  inch  long.  Let 
the  magnetic  bar  E F be  held  at  about  4 
or  5 inches  above  the  table,  with  either 
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Promijcuous  Experiments. 


Experiment  I. 
T'he  magnetic  paradox. 


pole 
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pole  downwards,  and  in  fuch  a place  as 

that  the  perpendicular  let  fall  from  it  to 

the  table  may  touch  the  table  at  G,  viz. 

• 

two  or  three  inches  diftance  from  the  iron 
wire  ; thofe  diftances-,  however,  are  fub- 
jedt  to  a good  deal  of  variety,  ariling  from 
the  power  of  the  magnet.  . : : 

By  the  adtion  of  the  -magnet*  the  iron 
wire  will  elevate  one  of  -its  ends,  as  repre- 
fented  by  C D,  forming  with  the  table 
an  angle,  which  is  larger  the  nearer  the 
wire  comes  to  the  point  G,  where  it  ftands 
quite  eredl. 

In  this  fituation,  if  you  give  gentle 
knocks  to  the  table,  the  wire  C D will 
;l;gradually  proceed  towards  G,  every  knock 
‘ making  it  jump  up  and  advance  a little 
way.  The  reafon  of  which  a fuperficial 
obferver  would  immediately  attribute  to  the 
attradtion  between  the  magnet  and  the  iron 
wire,  wmich  being  not  fufficiently  ftrong 
to  raife  the  wire  from  the  table,  has  juft 
power  enough  to  draw  it  a little  nearer 

to  the  point  G,  when  4he  motion  of  the 

■ .*  » • 

table  lifts  it  up. 

Thus^  far  the  experiment  fhev/s  nothing 

. ' extraordinary ; 
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extraordinary ; but  if  it  be  repeated  with 
only  this  variation,  viz.  that  the  magnet, 
inftead  of  being  held  above  the  table,  be 
placed  below  it,  viz.  at  H I ; the  event 
will  be,  that  the  wire,  which  will  nov/ 
make  an  obtufe  angle  towards  G,  as  repre- 
fented  by  K L,  on  knocking  the  table  will 
gradually  recede  from  the  point  G,  fhew^ 
ing  as  if  the  magnet  repelled  it ; which 
has  given  to  this  experiment  the  name  of 
magnetical  paradox ; for,  in  fail,  the  mag- 
net attrafts  the  wire. 

This  phenomenon  refults  from  the  di- 
rective property  of  the  magnet  aCling  at 
a greater  diftance  than  the  attractive,  as 
has  been  explained  in  Chapter  VIII.  of 
the  firft  Part  of  this  work. 

In  order  to  explain  the  immediate 
caufe  of  this  phenomenon,  it  muft  be  con- 
fidered,  that  the  wire  K L,  fig.  26,  plate  II. 
being  rendered  magnetic  by  the  aCtion 
of  the  magnet  H,  is  inclined  to  it  accord- 
ing to  the  abovementioned  laws  of  the 
dipping  needle;  but,  on  account  of  its 
weight,  and  becaufe  it  is  fupported  not  in 
its  centre,  but  by  one  end,  namely  K,'‘ 

S 4 which 
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which  ftands  upon  the  table,  it  does  not 
incline  fo  much  as  it  ought  to  do  if  it 
were  freely  fufpended  by  its  centre,  the 
end  K now  being  a little  higher  than  its 
proper  fituation.  Let  M N be  the  per- 
pendicular, which  pafles  through  the  cen- 
tre of  the  wire.  Now  when,  by  the  mo- 
tion given  to  the  table,  the  wire  is  made  to 
jump;  this,  whilft  remaining  in  the  air, 
will  take  its  proper  inclination,  as  fliewn 
by  r its  centre  remaining  in  the  fame 
perpendicular  M N ; for  the  diredlivc 
power  of  the  magnet  H adts  at  a greater 
diftance  than  its  attradtion.  In  this  fitua- 
tion it  is  evident,  that  a perpendicular  P O, 
let  fall  from  the  lower  extremity  r of  the 
wire,  touches  the  table  in'  a point  farther 
from  G than  the  point  K ; and  as  the 
wire  after  the  jump  comes  down  to  the 
table  again  with  the  proper  inclination, 
'viz,  parallel  to  r it  follows,  that  now 
its  lower  end  mufl:  touch  the  table  at  O ; 
and  thus  every  knock  will  force  it  to  re- 
cede a little  more  from  the  point  G,  which 
lies  iuft  over  the  magnet  H. 

The  farne  explanation  applied  to  the  firfi: 
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part  of  the  experiment,  will  Ihew  that  the 
wire  muft  in  that  cafe,  viz.  when  the 
magnet  is  held  above  the  table,  approach 
continually  the  point  G. 

This  experiment  may  be  diverlified  by 
ufing  iron  filings  inftead  of  the  iron  wire; 
for,  in  the  firft  cafe,  the  filings  difperfed 
over  the  table  will  be  gradually  colledled 
about  the  point  G ; and  in  the  latter  cafe, 
the  filings  placed  about  the  point  G will 
be  gradually  forced  to  recede  from  that 
point. 


Experiment  II. 
arm  natural  and  artijicial  magnets. 

When  a piece  of  natural  magnet  is  re- 
quired to  be  armed,  the  firft  operation  is 
to  find  out  its  poles ; then  let  the  magnet 
be  properly  fhaped,  viz.  either  in  the  form 
of  a terrella,  or  in  the  more  ufual  one  of 
a parallelopipedon,  in  which  latter  cafe 
care  muft  be  had  to  let  the  poles  fall  about 
the  middle  of  two  oppofite  furfaces,  in 

which 
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which  direftion  the  magnet  ought  to  have 
the  greateft  length  poflible ; it  having  been 
often  obferved,  that  a natural  magnet  is 
weakened  in  power  much  more  by  cutting 
off  a part  of  its  length,  in  the  diredlion  of 
the  poles,  viz,  fo  as  to  make  the  magnetic 
axis  fhorter,  than  in  any  other  diredtion. 

After  having  lliaped  the  magnet  pro- 
perly, let  two  plates  of  foft  iron  be  made, 
equal  in  breadth  to  thofe  furfaces  where 
the  poles  ftand,  and  to  projedt  a little  way 
on  one  fide  of  the  ftone,  as  fliewn  by  fig.  i , 
plate  I.  Thofe  projedlions  D,  D,  mufl 
be  much  narrower  than  the  breadth  of  the 
plates.  For  magnets  fmaller  than  one 
ounce,  the  lower  furfaces  of  the  prbjec- 
tions  to  which  the  iron  F is  to  be  applied, 
need  not  be  larger  than  about  one  tenth  of 
an  inch ; and  from  a quarter  to  half  an 
inch  is  fufficient  for  larger  magnets. 

The  thicknefs  of  the  plates  C D,  C D, 
mufl  be  proportioned  to  the  power  of  the 
magnet ; there  being  a certain  fize,  which 
is  the  properefl  for  any  magnet,  a larger 
or  fmaller  thicknefs  than  which  being  not 
fo  advantageous.  This  thicknefs  cannot 

be 
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be  eaftly  determined  without  adtual  trial  j 
hence  the  beft  way  is  to  make  them  very 
thick  at  firft  ; then  filing  a little  off, 
and  examining  the  power  of  the  magnet 
alternately;  for  the  power  increafes  gra- 
dually till  a certain  degree,  at  which  limit 
the  filing  ought  to  be  difcontinued. 

It  is  indifferent  whether  the  armature 
be  kept  on  by  tying,  or  by  a box,  whe- 
ther of  metal  or  of  wood’;  but  as  the  box 
is  the  moft  permanent,  this  ought  to  be 
preferred  ; and  it'may  be  made  of  any  metal 
excepting  iron  or  fteel. 

When  the  magnet  is  fpherical,  the  ar^ 
mature,  or  pieces  of  iron,  muft  be  adapted 
to  that  furface,  and  each  to  cover  about  a 
quarter  of  it. 

What  has  been  here  faid  about  the  na- 
tural magnet,  is  equally  applicable  to  the 
artificial  ones;  fo  that  many  magnetic  bars 
may  be  joined  together,  and  may  be  armed 
fo  as  to  form  a very  powerful  compound 
magnet. 

The  armature  rather  ftrengthens  the 
power  of  the  magnet,  for  the  fame  reafon 
for  which  a piece  of  iron,  affixed  to  a 
magnet,  tends  to  render  it  more  powerful. 
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If  the  artificial  magnets  be  made  in  the 
fhape  of  a horfe-fhoe,  or  of  a femicircle, 
then  there  is  no  need  of  the  armature,  it 
being  fufficient  to  join  them  together,  ei- 
ther by  rivetting  or  by  a box ; and,  indeed, 
even  with  ftraight  bars  the  compound 
magnet  may  be  made  without  the  arma- 
ture ; but  then,  as  the  two  magnetic  poles 
cannot  aft  in  the  fame  plain,  it  is  proper 
to  have  two  of  thofe  compound  magnets, 
for  the  purpofe  of  giving,  more  conveni- 
ently, magnetifm  to  other  bodies*. 

* 

• • By  this  means  the  late  Dr.  Gowin  Knight  con- 
ftru£ted  two  very  powerful  artificial  magnets,  or  ma- 
gazines of  magnetic  bars,  which  are  now  in  the  repo- 
fitory  of  the  Royal  Society.  Each  of  thofe  maga- 
zines confifts  of  240  bars,  difpofed  in  four  lengths,  fo 
as  to  form  a parallelopipedon,  every  length  containing 
64  bars.  All  thofe  bars  are  kept  together  by  means 
of  iron  braces,  and  the  whole  is  fufpended  upon 
pivots  and  a proper  wooden  pedefial  or  carriage,  fo  as 
to  be  eafily  placed  in  any  required  pofition. — For  a far- 
ther defcription  of  thofe  magnetic  magazines,  fee  the 
Phil.  Tranf.  voL  LXVI.  p.  591. 
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Experiment  III. 

Tb  communicate  magnet  if m to  a needle  by 

7neans  of  eledirtcity. 

Place  a fmall  fewing  needle,  or  a piece 
of  fteel  wire,  on  a table,  and  conned:  one 
extremity  of  it  with  the  outfide  of  a charged 
eledric  jar  or  battery^,  by  means  of  a wire. 
Let  the  other  extremity  of  the  needle  be 

ft 

conneded,  by  means  of  another  wire,  to 
one  branch  of  the  ufual  difeharging 
rod ; then  bring  the  other  knob  of  the 
difeharging  rod  in  contad  with  the  knob 
of  the  jar  or  battery,  fo  as  to  make  the 
difeharge,  which  paffing  through  the  nee- 
dle will  render  it  magnetic,  or  reverfe  its 
poles,  &c.  according  to  the  circumftances 
enumerated  in  the  firft  Part  of  this  work. 


* This  jar  or  battery  ought,  at  lead:,-  to  have  two 
fquare  feet  ot  coated  furface,  but  this  depends  on  the 

fize  of  the  needle.- See  the  writers  on  eledfricity 

for  an  explanation  of  the  electrical  inftruments. 
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Experiment  IV. 

J}:ew  that  magnetifm  requires  a certain 
time  to  penetrate  through  a piece  of  iron. 

Place  a bulky  piece  of  iron,  for  inftance, 

/ 

a fliort  piece  of  about  40  or  50  lb.  weight, 
fideway  of  one  of  the  poles  of  a mag- 
netic needle,  fo  as  to  draw  the  needle  a 
little  out  of  its  natural  dirediion.  Then 
apply  one  pole  of  a ftrong  magnet  to  the 
fartheft  end  of  the  iron,  and  you  will  find 
that  there  requires  fome  time,  viz.  fome 
feconds,  before  the  needle  be  affefted  by  it. 
This  time  is  different  according  to  the 
different  fize  of  the  piece  of  iron,  and  of 
the  power  of  the  magnet. 

/ 

Experiment  V. 

t 

To  imitate  the  natural  magnets. 

Take  fome  martial  sethiops,  or,  which 
is  more  eafily  procured,  reduce  into  very 

fine 
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fine  powder  the  fcales  of  Iron,  which  fall 
from  red-hot  iron  when  hammered,  and 
which  are  found  abundantly  In  fmiths 
fiiops.  Mix  this  powder  with  drying  lin- 
feed-oil,’  fo  as  to  form  It  into  a very  ftiff 
pafte,  and  fhape  it  in  a mould  fo  as  to  give 
it  any  form  you  require,  whether  of  a 
terrella,  a human  head,  or  any  other.  This 
done,  place  it  in  a warm  place  for  fome 
weeks,  and  it  will  dry  fo  as  to  become 
very  hard.  Then  render  it  magnetic,  by 
the  proper  application  of  powerful  mag- 
nets, and  it  will  acquire  a confiderable 
power*. 

Experiment 

* The  late  Dr.  John  Fothergill,  giving  an  account 
of  Dr.  Knight’s  magnetical  machine,  in  the  66th 
vol.  of  the  Phil.  Tranf.  p.  595,  mentions  the  fol- 
lowing remarkable  circumftance;  which,  however, 

I think  muft  have  been  partly  occafioned  by  fomc 
miftake  or  mifinformation.  “ I do  not  fays 

he^  ‘‘that  the  Dodor  left  behind  him  any  defcriptioii 
“ of  a compofition  he  had  made  to  form  artificial  load- 
“ ftones,  I have  feen  in  his  pofielfion,  and  many 
“ other  of  his  friends  have  likewife  feen,  fuch  a com- 
“ pofition  ; which  retained  the  magnetic  virtue  in  » 
“ manner  much  more  fixed,  than  cither  any  real  load- 
Hone,  or  any  magnetic  bar,  however  well  tempered. 

la 
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Experiment  'VI. 

To  weaken y or  to  dejlroy  the  magnkifm  of  a 

wire,  by  bending. 

Communicate  the  magnetic  power  to 
an  iron  wire,  or  foft  fteel  wire,  of  about 
four  or  five  inches  in  length,  and  about  yV 

“ In  the  natural  ones,  he  could  change  the  poles  in  an 
inftant,  fo  likewife  in  the  hardefl  bars  ; but  in  the 
compofition  the  poles  were  immoveable.  He  had 
fcveral  fmall  pieces  of  this  compofition,  which  had 
“ ftrong  magnetic  powers.  The  largeft  was  about  half 
an  inch  in  breadth,  very  little  longer  than  broad, 
“ and  near  a quarter  of  an  inch  thick.  It  was  not 
armed,  but  the  ends  were  powerfully  magnetic; 
nor  could  the  poles  be  altered,  though  it  was  placed 
between  two  of  his  largeft  bars,  and  they  were  very 
‘‘  ftrongly  impregnated.  The  mafs  was  not  very 
“ heavy,  and  had  much  the  appearance  of  a piece  of 
black  lead,  though  not  quite  fo  fhining.  I believe 
‘‘  he  never  divulged  the  compofition  ; but,  I think, 
he  once  told  me,  the  bafis  of  it  was  filings  of  iron, 
“ reduced  by  long-continued  attrition  with  water  to 
“ a pcrfe<5tly  impalpable  Rate,  and  then  incorporated 
with  fome  pliant  matter,  to  give  it  due  confifl- 
‘‘  cncc.  - 


of 
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of  an  inch  in  diameter  ; then  roll  it  round 
a fmall  ftick,  fo  as  to  make  four  or  five 
revolutions  round  the  ftick ; after  which, 
on  ftraightening  the  wire  again,  its  mag_- 
netifm  will  be  generally  found  to  be  quite 
deftroyed  by  the  bending,  or  confiderably 
weakened. 

The  effedl  is  the  fame  with  fliorter  or 
longer  wires;  for  if  they  make  one  revo- 
lution round  the  ftick,  the  effedl  will  take 
place,  which  is  evidently  owing  to  the 
ftrefs  or  derangement  of  the  particles  of 
the  wire,  as  is  rendered  more  evident  by 
the  following  obfervation;  viz.  that  if  the 
wire  be  of  fuch  fpringy  nature  as  to  re- 
cover its  ftraight  fituation  if  left  to  itfelf 
after  coiling  it  round  the  ftick,  then  its 
magnetifm  is  either  not  at  all,  or  little  di- 
minifhed ; fo  that  in  order  to  produce  the 
above-mentioned  efFedl,  a ftraining  of  the 
parts  of  the  wire  is  abfolutely  neceftfary. 

When  only  the  middle  of  the  wire  is 
bent,  and  its  extremities  remain  ftraight, 
then  the  magnetifm  is  feldom  deftroyed,  or 
even  diminilhed. 


T 
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If  a piece  of  magnetic  wire  be  cleft  or 
fplit  lengthways,  the  parts  will  have  fome-  ’ 
times  contrary,  and  fometimes  the  fame 
poles  as  they  had  when  in  one  piece. 
When  one  part  is  much  thinner  than  the 
other,  then  this  flender  part  will  generally 
have  its  poles  reverfed. 


PART 
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PART  IV. 

NEW  MAGNETIC AL  EXPERIMENTS. 

€ 

Having  in  the  preceding  pages 
taken  notice  of  whatever  had  been 
afcertained  with  refpedl  to  magnetifm,  and 
of  the  experiments  which  feemed  neceffary 
to  prove  thofe  magnetical  laws,  I fliall 
now  briefly  relate  thofe  experiments  of 
mine  relative  to  magnetifm,  which  were 
attended  with  fome  apparently  ufeful  event, 
arranging  in  each  chapter  thofe  particulars 
which  are  naturally  more  connedled  to- 
gether, without  paying  any  regard  to 
the  time  in  which  the  experiments  were 
made,  and  alfo  without  mentioning  a va- 
riety of  unfuccefsful  trials,  or  of  pro- 
jedts  not  yet  verified  by  adlual  experience. 

T 2 


CHAP. 
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CHAPTER  1. 

Befcrlption  of  a new  fort  of  fifpenfion  for  a 
?nagnetic  needle^  principally  intended  for 
afcertaining  fnall  degrees  of  magnetic  at^ 
tradlion  ; and  fome  remarks  the  ufe  of 
quickfiher. 

PREVIOUS  to  the  narration  of  the 
experiments  on  the  magnetifm  of  brafs 
and  of  iron  in  its  different  Hates,  which 
are  to  be  related  in  this  Part,  I fhall  de- 
feribe  the  magnetic  needle  generally  ufed 
for  thofe  experiments,  which  is  fufpended 
in  a particular  manner ; it  being  a very 
fimple,  and  at  the  fame  time  a very  nimble 
fort  of  fufpenfion. 

• Experience  having  (hewn,  that  large 
magnetic  needles  are  not  proper  for  expe- 
riments wherein  a very  fmall  degree  , of 
magnetifm  muft  be  afeertained,  and  the 
free  motion  of  the  ufual  fmall  needles 
being  proportionably  more  obftruded  by 
the  nature  of  their  fufpenfion,  even  when 
furnifhed  with  agate  caps,  I endeavoured 

to 
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to  contrive  a fort  of  fufpenfion  which' 
might  anfwer  the  purpofe  better  than  the 
needles  fufpended  in  the  ufual  manner ; 
and,  after  feveral  attempts,  at  laft  I con- 
ftrucled  a chain  of  horfe-hair,  confiding 
of  live  or  fix  links,  to  which  the  needle 
was  fufpended.  Each  link  is  about  three 
quarters  of  an  inch  in  diameter ; and  the' 
extremities  of  each  piece  of  hair,  which 
is  formed  in  a ring,  are  joined  by  a knot, 
and  fecured  by  a little  fealing-wax.  , The 
link  on  one  end  of  this  chain  is  fufpended 
on  a pin  in  a proper  frame,  or  on  any  fup- 
port  that  may  be  at  hand ; and  to  the  link 
of  the  other  extremity,  which  lies  lower- 
mod,  a piece  of  fine  filver  wire  is  hooked. 
This  wire  is  about  an  inch  and  a half 
long,  and  its  lower  extremity  is  fadened 
round  a fmall  and  cylindrical  piece  of 
cork,  through  which  a common  fewing 
needle,  made  magnetic,  is  thrud  hori- 
zontally. Thus  the  magnetic  needle  is 
kept  fufpended  by  a hair-chain,  the  links 
of  which,  on  account  of  the  fmoothnefs 
and  lightnefs  of  the  hair,  move  very  freely 
in  each  other,  and  allow  the*  needle  more 

T 3 than 
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than  a whole  revolution  round  its  centre, 
with  fo  fmall  a degree  of  fridlion  as  may  be 
confidered  next  to  nothing.  By  compar- 
ing this  needle  with  others  of  the  beft 
fort  now  in  ufe,  I find  it  much  more 
fenfible  ^ for  when  bodies  which  have 
an  exceedingly  fmall  magnetic  power  are 
tried,  this  needle  will  be  frequently  at- 
tracted by  them  when  the  others  are  not 
fenfibly  affeCled, 

In  order  to  try  farther  the  delicacy  of 
fiich  fufpenfion,  I placed  a piece  of  look- 
ing-glafs  under  the  needle,  and  nearly  ho- 
rizontal ; fo  that  the  image  of  .the  needle 
was  feen  in  it.  Now,  as  a fine  line 
had  been  previoufly  marked  on  the  glafs, 
things  were  fo  dlfpofed  as  that  the  image 
of  the  needle  might  coincide  with  the  line 
marked  on  the  glafs,  the  eye  of  the  ob- 
ferver  being  placed  in  a proper  point  of 
view;  afterwards,  by  fhaking  the  needle 
either  very  gently  or  very  quickly,^ 
I repeatedly  endeavoured  to  place  it  out 
of  the  magnetic  meridian  ; but  every 
endeavour  proved  ineffectual,  for  the  nee- 

^ ' die 
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die  conftantly  fettled  in  the  fame  diredlion, 
without  any  fenfible  deviation.  , 

With  a needle  thus  fufpended  a vari- 
ation compafs  might  be  very  eafily  con- 
ftrudled,  and  it  would,  perhaps,  be  more 
accurate  than  thofe  commonly  in  ufe.  For 
this  purpofe  the  needle  ought  to  be  about 
three  inches  long,  and  the  piece  of  look- 
ing-glafs  ought  to  be  fixed  upon  the  index 
of  an  Hadley’s  fextant,  which- muft  be 
placed  horizontally  under  the  needle,  with 
its  edge  or  fiducial  line  in  the  meridian 
of  the  place,  in  order  to  obferve  the  daily 
variation  of  the  needle.  I have  made  only 
a rough  model  of  fuch  a variation  com- 
pafs, and  it  feemed  to  anfwer  very  well. 

This  conftrudion  appears  to  have  the  fol- 
lowing advantages  over  the  common  fort  : 
ift.  The  needle  being  cylindrical,  and  with- 
out a hole  through  the  middle,  would  be  lefs 
fubjedl  to  have  more  than  two  poles,  adly. 
The  needle  being  {lender,  its  poles  would 
{land  more  exadlly  in  its  axis,  which  with 
the  common  flat  needles  is  feldom  the  cafe. 
3dly.  It  will  appear,  by  a little  confidera- 

T 4 tion, 
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tion,  that  in  this  conftrudtion  there 'is  nd 
need  of  the  needle’s  centre  of  motion 
keeping  always  in  the  fame  invariable 
point,  which  renders  the  conlfrudion  both* 
very  eafy  and.  very  accurate.  And,  laftly, 
as  the  fextant  may  be  placed  at  a confider-^ 
able  diftance  below  the  needle,  and  the 
reft  of  the  frame  may  be  made  of  any  fize, 
there  would  be  no  neceflity  of  placing  any 
brafs  or  other  rnetal  fo  near  the  needle  as 
might  affed:  it  in  cafe  this  metal  had  any 
magnetifm,  which  generally  happens  with 
brafs. 

In  order  to  exarnine  the  magnetifm  of 
divers  fubftances,  befides  the  above  de- 
fcribed  needle,  I ufed  to  place  the  fub- 
ftance  to  be  examined,  upon  water,  fome-r 
times  refting  it  upon  flat  pieces  of  cork 
or  upon  quickfilver,  which  laft  method, 
-though  incomparably  nicer  than  the  others, 
is  however  very  troublefome  on  account 
of  the  following  circumftances,  for  which 
reafon  I generally  contented  myfelf  with 
ufing  only  the  needle  fufpended  by  a hair 
chain, 

In  the  courfe  of  the  experiments  in 

which 
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which  quicklilver  w^s  ufed,  I obfeived  p. 
remarkable  phenomenon,  refpefting  the 
furface  of  that  metal ; it  is,  that  though 
fubftances  will  float  upon  it  wonderfully 
nimble  when  it  is  flrft  poured  out  into  the 
open  veflel,  yet  a fhort  time  after,  viz. 
after  having  remained  for  an  hour  or  two, 
and  often  a (hotter  time,  in  the  open  vef- 
fel,  a piece  of  brafs  or  other  fubftance  will 
by  no  means  float  upon  it  with  equal  fa- 
cility ; fo  that  fome  fubftances,  which  af- 
ter firft  pouring  out  the  quickfilver  into 
the  open  veflTel  were  evidently  attracted  by 
the  magnet,  an  hour  after  were  not  in 
the  lead  moved  by  it. 

The  only  effedtual  method  which  would 
render  the  quickfilver  again  fit  for  the 
purpofe,  was  to  pafs  it  through  a funnel 
of  paper,  as  deferibed  in  page  180  ^ which 
operation  I have  been  obliged  fometimes 
to  repeat  four  or  five  times  in  about  tw^o 
hours  time. 

There  feems  to  be  formed  a kind  of 
cruft  upon  the  furface  of  the  mercury 
thus  expofed,  which,  though  invifible  by 
mere  infpedlion,  may  be  perceived  by  mov- 


282  New  Experiments. 

• 

^ng  the  floating  fubftance  upon  it  ; for 
foon  after,  having  paffed  the  qiiickfilver 
through  the  paper  funnel,  the  floating  fub- 
flance,  when  moved,  feems  to  proceed  by. 
itfclf ; whereas  fome  time  after  the  fame 
fubflance,  when  moved,  feems  to  commu- 
nicate that  motion  to  the  adjacent  quick- 
filver,  and  to  drag  it  along  with  itfelf, 
fomewhat  like  what  happens  when  one 
moves  fomething  that  floats  upon  the  fur- 
face  of  a liquor  which  begins  to  coagulate.  - 
The  formation  of  this  cruft  I attributed 
to  the  imperfedl  metals,  which,  though 

4 

in  fmall  quantities,  are  generally  amalgama- 
ted with  the  common  fort  of  quickfilver^ 
for  that  amalgamation  tending  to  dephlo- 
gifticate  thofe  metals,  the  half  calcined 
part  floats  at  the  top;  and  it  is  moft  likely 
that  the  faid  dephlogiftication  goe^^n ^'ery 
quick  in  the  open  air.'  What 
this  fuppofition  is,  that  the  purer  the 
quickfilver  is,  the  leaft  is  the  cruft  formed, 
or  oppofition  made  to  the  floating  fub- 
ftances ; however,  I have  obferved  it  in 
fome  meafure,even  inthepureft  quickfilver, 
and  ana  inclined  to  think,  that  it  muft  be 
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partly  owing  to  fome  moifture  or  invifible 
duft,  which  adheres  to  the  furface  of  the 
quickfilver  that  is  expofed  to  the  atmo^ 


Examination  cf  the  magnetical  properties  of 


FEW  years  ago,  being  intent  on 


making  fome  magnetic  experiments, 
in  which  brafs  was  concerned,  I ufed  to 
examine  firft  whether  the  pieces  of  brafs 
had  any  magnetifm  or  not,  and  rejedled 
thofe  pieces  which  had  an  evident  degree 
of  that  power.  In  the  courfe  of  thofe 
experiments  I remember  to  have  obferved, 
that  thofe  pieces  of  brafs  which  had  been 

hammered  were  generally  magnetic,  and 

» 

much  more  fo  than  others ; in  confe- 
quence  of  which  I made  no  ufe  of  ’ham- 
mered brafs  in  thofe  experiments.  But 
10  about 


fphere, 
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about  a year  and  a half  ago,  having  or- 
dered a theodolite  at  a philofophical  in- 
ftrument  Ihop,  I particularly  enjoined  the 
workmen  to  try  the  brafs,  both  foft  and 
hammered,  before  they  worked  it,  and  to 
make  no  ufe  of  that  which  bad  an  evident 
degree  of  magnetic  power.  They  found, 
that  hammered  brafs,  even  fuch  as  before 
the  hammering  had  no  magnetifm,  could 
afterwards'  difturb  the  magnetic  needle 
very  fenfibly.  Thefe  obfervations  induced 
me  to  make  the  following  experiments. 

Experiment  I.  An  oblong  piece  of  brafs, 
weighing  fomewhat  lefs  than  half  an  ounce, 
being  examined,  by  prefenting  every  part 
of  its  furface  to  the  fufpended  needle, 
fhewed  no  fign  of  magnetifm  whatever. 
It  was  then  hammered  for  about  two  mi- 
nutes; the  confequence  of  which  was,  that 
it  became  magnetic  fo  far  as  to  attract  ei- 
ther  end  of  the  needle  from  about  a quarter 
of  an  inch  diftance.  This  fame  piece  of 
brafs  being  now  put  into  the  fire  fo  as  to 
become  red-hot,  by  which  means  it  was 
foftened,  and  when  cold  being  prefented 
to  the  fufpended  needle,  its  magnetifm  was 
8 found 
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found  to  be  entirely  gone.  Hammering 
made  it  again  magnetic  ; foftening  by  fire 
took  the  magnetifm  away  a fecond  time: 
and  thus  the  magnetifm  was  repeatedly 
given  it  by  hammering,  and  was  deftroyed 
by  foftening ; fometimes  fhewing  to  have 
acquired  a fenfible  degree  of  that  power 
even  after  two  or  three  ftrokes  of  the  ham- 
mer. 

Experiment  II.  The  refult  of  the  firft 
experiment  would  naturally  induce  one  to 
fufpedl,  that  the  hammer  and  anvil  might 
have  imparted  fome  fmall  quantity  of  fteel 
to  the  brafs,  which  rendered  it  magnetic ; 
and  that  this  magnetifm  was  deftroyed  in 
foftening  the  brafs,  infom^uch  as  the  . fire 
calcined  the  fmall  quantity  of  fteel  that 
had  adhered  to  it.  In  confequence  of 
which  confideration,  I took  other  pieces 
of  brafs  befides  that  ufed  before,  and  ham- 
mered them  between  card-paper,  changing 
the  pieces  of  paper  as  often  as  was  necef- 
fary,  fince  they  were  eafily  broken  by  the . 
hammer  ; but  the  pieces  of  brafs  became 
conftantly  magnetic  by  the  hammering, 
and  their  magnetifm  was  deftroyed  by  fire. 
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In  this  experiment  I generally  gave  to 
the  brafs  not  above  thirty  ftrokes  with  the 
hammer. 

4 

Experiment  III.  Still  fulpedting  that 
the  hammer  and  the  anvil  might  have  im- 
parted fome  fmall  quantity  of  iron  to  the 
brafs,  becaufe  the  pieces  of  card-paper 
fometimes  were  broken  by  the  firft  or  fe- 
cond  ftroke,  in  which  cafe  either  the  ham- 
mer or  the  anvil  touched  the  brafs,  I 
hardened  a piece  of  brafs  by  beating  it  be- 
tween two  large  flints;  viz,  ufing  one  for 
the  hammer,  and  the  other  for  the  anvil. 
The  piece  of  brafs  became  magnetic, 
though  in  this  cafe  it  feemed  tohave  acquir- 
ed not  fo  much  power  as  when  it  had  been 
hardened  with  the  hammer ; but  it  mufl: 
be  obferved,  that  the  flints  being  rough 
and  irregular,  the  piece  of  brafs  could  not 
be  hardened  by  them  fo  eafily,  or  fo 
equally,  as  by  the  other  method. 

The  flints,  being  examined  both  before 
and  after  the  experiment,  were  found  to 
have  not  the  lealf  degree  of  magnetifm. 

Experiment  IV.  A piece  of  brafs,  which 
by  hammering  had  been  rendered  fo  ftrongly 
: - magnetic 
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magnetic  as  to  attradl  either  pole  of  the 
needle  from  about  a quarter  of  an  inch 
diftance,  was  put  into  a crucible,  together 
with  a conliderable  quantity  of  charcoal 
duft,  which  furrounded  it  every  where. 
The  crucible  was  covered  with  clay,  and 
being  placed  into  the  fire,  was  kept  red-hot 
for  about  ten  minutes.  After  cooling,  the 
piece  of  brafs  was  taken  out  of  the  cru- 
cible, and  being  examined,  was  found  to 
have  entirely  loft  its  magnetifm.  The 
objedt  of  this  experiment  was  to  afcertain 
whether  the  lofs  of  magnetifm,  in  a piece 
of  brafs  that  was  foftened,  was  owing  to 
the  calcination  of  the  ferruginous  par- 
ticles, which,  notwithftanding  the  preced- 
ing experiment,  might  ftill  be  fufpedled 
to  be  imparted  to  it  ; becaufe  in  this 
way  of  foftening  the  brafs,  the  ferruginous 
particles  being  furrounded  with  charcoal 
duft,  could  not  have  been  calcined  ; hence 
the  brafs  ought  not  to  have  loft  its  mag- 
netifm, which  however  was  not  the  refult 
of  the  experiment. 

Experiment  V.  One  of  thofe  pieces  of 
brafs,  which  had  been  ufed  for  the  fore- 
going 


283  New  Experiments* 

going  experiments,  and  which  had  been 
deprived  of  magnetifm  by  fire,  was  ham- 
mered between  two  large  and  pretty  thick 
pieces  of  copper,  which  had  not  the  lead: 
magnetifm  ; and  after  a few  ftrokes  of 
the  hammer,  it  became  fenfibly  mag- 
netic. 

Experiment  W.  In  order  to  examine  the 
difference  of  this  property  in  brafs  of  va- 
rious kinds,  I have  tried  a great  many  pieces 
of  Englifli  as  well  as  foreign  brafs ; fome 
of  which  was  very  old,  and  fo  fine  and 
uniform,  that  an  eminent  watchmaker  of 
my  acquaintance  ufed  it  for  the  very  beff 
fort  of  watch-work.  But  J find  that  they 
moftly  have  the  property  of  becoming 
magnetic  by  hammering,  and  of  lofing  that 
power  when  foftened.  There  are,  how- 
ever, fome  pieces  which  acquire  no  mag- 
netifm by  the  hammering,  though  they  are 
rendered  equally  hard  by  it  as  thofe  which 
acquire  the  magnetifm.  By  attentively 
examining  them,  I have  not  yet  been  able  to 
diftinguifh,  without  a trial,  which  pieces 
are  capable  of  acquiring  magnetifm,  and 
which  not ; the  colour,  apparent  texture, 

and 
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and  degree  oEdudility,  feeming  to  afford 
no  lure  indication. 

Expenme?2t  VJI.  The  preceding  experi^ 
ments  feem  to  render  evident  the  exiftence 
of  magnetifm,  or  of  the  power  of  attract- 
ing and  being  attracted  by  the  magnet, 
independent  of  iron  ; yet  an  objection 
may  be  made  againft  this  confequence, 
which  is,  that  the  brafs  which  becomes 
magnetic  by  hammering,  and  lofes  that 
power  by  foftening,  might  contain  a fmall 
quantity  of  iron,  to  which  that  magnetifm 
was  owing  ; and  that  this  iron,  or  martial 
earth,  difperfed  through  the  fubftance  of 
the  brafs,  might  become  phlogifticated  by 
the  action  of  the  hammering  ^ infomuch  as 
the  brafs  being  forced  into  a fmaller  fpace, 
might  perhaps  give  fome  of  its  phlogif- 
ton  to  the  martial  earth,  and  thus  render 
it  fenfibly  magnetic  j and,  on  the  contrary, 
the  action  of  the  fire  in  foftening,  might 
. remove  that  phlogifton  from  the  martial 
earth,  and  give  it  again  to  the  brafs ; hence 
the  former,  remaining  quite  dephlogifticat- 
ed,  would  no  longer  fl:iew  any  figns  of 
magnetifm*  The  confideration  that  iron 

U may 
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may  be  dephlogifticated  or  calcined  more 
cafily  than  brafs,  gave  an  apparent  weight 
to  the  fuppofition  j but  the  following  ex- 
periments feem  to  expef  every  doubt. 

Having  chofen  a piece  of  brafs,  which 
would  acquire  no  magnetifm  by  hammer- 
ing, I placed  it  upon  an  anvil,  together 
with  a confiderable  quantity  of  crocus  mar- 
tis^  which  crocus  had  no  adlicn  on  the 
magnetic  needle;  then  began  hammering 
the  brafs,  and  turning  it  frequently,  in  or- 
der to  let  part  of  the  crocus  adhere  to  it 
and,  in  faef,  the  crocus  had,  in  feveral 
places,  been  faftened  fo  v/ell  into  the  brafs, 
that  hard  wiping  with  a woollen  cloth 
would  not  rub  it  off.  The  brafs  appeared 
red  in  thofe  places ; but,  after  having  been 
hammered  for  a long  time,  it  acquired  no 
magnetifm  whatever.  The  hardening, 
therefore,  could  not  render  the  iron  calx 
fo  far  phlogilHcated  as  to  alfedl  the  mag- 

I 

netic  needle. 

'Experiment  VIII.  In  order  to  diverfify 
the  preceding  experiment,  I drilled  a hole,, 
about  one-eighth  of  an  inch  long,  and  little 
more  than  one-fiftieth  of  an  inch  in  diam- 
t.  eter,. 
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cter,  into  a piece  of  brafs  that  was  not 
rendered  magnetic  by  hammering,  and 
filled  it  with  crocus  mar  its ; then  I ham*- 
mered  the  piece  of  brafs,  thus  inclbfing 
the  calx  of  iron,  and  afterwards  prefented 
it  to  the  fufpended  magnetic  needle  ^ but 
there  was  not  the  leaft  fign  of  attradtion  : 
the  martial  earth,  therefore,  had  riot  ac- 
quired any  phlogifton  from  the  brafs  by 
the  aftion  of  hammering. 

’Experiment  IX.  The  fame  piece  of 
brafs,  containing  a frriall  quantity  of  calx 
of  iron,  was  put  into  the  fire,  and  v/as 
made  quite  red-hot,  in  which  ftate  it  re- 
mained for  about  three  minutes.  Then, 
after  cooling,  it  was  prefented  to  the  mag- 
netic needle,  and  this  was  attradled  by  the 
brafs  only  in  that  place  wherein  the  calx 
of  iron  was  contained.  The  adtion,  there- 
fore, of  the  fire  had  rendered  the  martial 
earth  fo  far  phlogifticated  as  to  attradf  the 

I 

magnetic  needle ; hence,  if  the  magnetifm 
of  brafs  were  owing  to  any  ferruginous 
matter  contained  in  it,  a piece  of  brafs 
ought  to  become  magnetic  when  foftcned; 

U z which 
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which  is  contrary  to  the  foregoing  ubferva'- 
tions. 

Experiment  X.  A hole,  fimilar  ta  that 
mentioned  in  the  Vlllth  Experiment,  was 
diilled  into  a piece  of  brafs  that  would  not 
become  magnetic  by  hammering,  and  into 
it  was  put  fome  black  calx  of  iron,  which 
was  fo  far  phlogifticated  as  to  be  attradlable 
by  the  magnet,  and  the  hole  was  clofed  by 
a few  ftrokes  of  the  hammer.  In  confe- 
cjuence  of  this,  the  piece  of  brafs,  when 
prefented  to  the  fufpended  needle,  would 
attrad:  it  only  about  that  place  where  the 
magnetic  calx  was  contained.  This  at- 
tradion  was  very  weak.  The  piece  of 
brafs  thus  prepared,  was  then  put  into  the 
hre,  and  was  kept  for  about  fix  alinutes  in 
a heat  very  little  fliort  of  that  necelfary 
to  melt  brafs,  and  after  cooling  I prefented 
it  to  the  needle,  expeding  that  the  fire 
might  have  dephlogifticated  the  calx  of 
n on  fo  far  as  not  to  let  it  ad  any  longer 
upon  the  needle  ^ but  the  attradion  ap- 
peared to  be  of  the  fame  degree  it  was  be- 

0 

tore  the  heating. 

It 
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It  feems,  therefore,  clear,  that  the  mag- 
nctifin  acquired  by  brafs,  when  hammered, 
is  not  owing  to  iron  contained  in  it;  and 
confequently,  that  magnetifm^  or  the  power 
of  being  attrabied  bjy  and  attrabring,  the 
magnet y may  exift  independe?2t  of  iron. 

Experiment  XI.  A fmall  quantity  of 
iron  was  mixed,  by  means  of  the  blow-pipe, 
with  about  four  times  its  weight  of  fuch 
brafs  as  would  not  become  magnetic  by 
hammering.  The  whole  globule  weighed 
about  two  grains,  and  it  attracted  the 
magnetic  needle  very  powerfully.  I then 
melted  thi-s  globule  of  brafs  and  iron  'with 
about  fifty  grains  of  the  fame  fort  of  brafs 
as  had  been  ufed  before.  After  cooling, 
the  whole  lump  of  brafs  appeared  to  have 
very  little  power  upon  the  magnetic  nee- 
dle, every  part  of  its  furface  attracting  one 
end  of  the  fufpended  needle,  fo  as  to  let  it 
juft  adhere  to  it  when  the  air  was  not  at 
« all  diflurbed.  But  this  weak  and  hardly 
perceivable  degree  of  magnetifm  was  not 
increafed  by  hammering,  nor  annihilated 
by*  foftening. 

In  this  experiment  I thought  to  have 

U 3 fufed 
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fufed  and  incorporated  together  brafs  and 
iron  ; but  fome  fubfequent  trials  gave  rea- 
fon  to  believe,  that  the  iron  is  concealed 
in  fome  part  or  other  of  the  melted  brafs, 
rather  than  equably  difFufed  through  the 
fubftance  of  the  latter ; and  the  principal 
reafon  for  this  fuppofition  is,  that  when 
thofe  pieces  of  mixed  metal  are  tried  upon 
the  quickfilver,  fome  points  in  their  fur- 
faces  are  generally  attracted  by  the  magnet 
in  preference  to  others. 

It  muft  here  alfo  be  obferved,  that  hav- 
ing repeated  moft  of  the  preceding  ex- 
periments, by  examining  the  pieces  of  brafs 
upon  quickfilver,  and  prefenting  the  mag- 
net to  them,  inftead  of  prefenting  thenn 
to  the  needle,  the  refult  was,  that  very  fel- 
dom  a piece  of  brafs  occurred,  which  was 
not  affedled  by  the  magnet  ; and  even 
wlien  they  were  not  affedted  by  it,  their 
indifference  was  not  very  clear  and  de- 
cifive ; and  indeed  there  are  very  few 
fubdances  in  nature,'  which,  when  ex- 
amined by  this  means,  are  not,  in  fome 
degree,  attracted  by  the  magnet;  fo  general 
is  the  difperfion  of  iron,  or  fuch  is  the 

tendency 
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tendency  which  moft  bodies  have  towards 
the  magnet. 

Such  brafs  which  in  the  former  experi- 
ments appeared  to  have  no  magnetifm  na- 
turally, nor  to  acquire  any  by  hammering, 
was  now  found  to  be  moilly  magnetic, 
though  in  fo  final  1 a degree  as  to  be  dif- 
coverable  only  when  floating  upon  quickfil- 
ver;  but  thofe  pieces  of  brafs  which  na- 
turally had  not  any  degree  of  magnetifm 
fufHcient  to  affedl  the  needle,  nor  acquired 
any  by  hammering,  but  yet  fliewed  fome 
tendency  towards  the  magnet  when  float- 
ing upon  quickfilver,  never,  or  very  fel- 
dom,  had  that  tendency  increafed  by  ham- 
mering. 

It  is  now  proper  to  colledt,  under  one 
point  of  view,  all  the  obfervations  which 
have  been  deduced  from  the  foregoing  and 
other  experiments  relating  to  the  magnetic 
■properties  of  brafs.  It  appears,  therefore, 
ill.  That  moll  brafs  becomes  magnetic 
by  hammering,  and  lofes  the  magnetifm 
by  annealing  or  foftening  in  the  fire,  or  at 
leafl:  its  magnetifm  is  fo  far  weakened  by 

U4  it 
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it  as  afterwards  to  be  only  difcoverable 
when  fet  to  float  on  quickfilver. 

2dly.  That  the  acquired  magnetifm  is 
not  owing  to  particles  of  iron  or  fteel  im- 
parted to  the  brafs  by  the  tools  employed, 
or  naturally  mixed  with  the  brafs. 

3dly.  Thofe  pieces  of  brafs  which  have 
that  property,  retain  it  without  any  dimi- 
nution after  a great  number  of  repeated  • 
trials,  viz,  after  having  been  repeatedly 
hardened  and  foftened.  But  I have  not 
found  any  means  of  giving  that  property 
to  fuch  brafs  as  had  it  not  naturally. 

4thly.  A large  piece  of  brafs  has  gene- 
rally a magnetic  power  fomewhat  flronger 
than  a fmaller  piece ; and  the  flat  furface 
of  the  piece  draws  the  needle  more  for- 
cibly .than  the  edge  or  corner  of  it. 

5thly.  If  only  one  end  of  a large  piece 
of  brafs  be  hammered,  then  that  end  alone 
will  difturb  the  magnetic  needle,  and  not 
the  reft. 

6thly.  The  magnetic  power  which  brafs 
acquires  by  hammering  has  a certain  limit, 
beyond  which  it  cannot  be  increafed  by 

farther 
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farther  hammering.  This  limit  is  various 
in  pieces  of  brafs  of  different  thicknefs 
and  likewife  of  different  quality. 

ythly.  Though  there  are  feme  pieces  of 
brafs  which  have  not  the  property  of  being 
rendered  magnetic  by  hammering,  yet  all  the 
pieces  of  magnetic  brafs,  that  I have  tried, 
iofe  their  magnetifm,  fo  as  no  longer  to  affedl 
the  needle,  by  being  made  red-hot  • excepting 
indeed  when  fome  pieces  of  iron  are  con- 
cealed in  them,  which  fometimes  occurs ; 
but  in  this  cafe,  the  piece  of  brafs,  after 
having  been  made  red-hot  and  cooled,  will 
at  trad  the  needle  more  forcibly^  with  one 
part  of  its  furface  than  with  the  refl  of  it; 
and  hence,  by  turning  the  piece  of  brafs 
about,  and  prefenting  every  part  of  it  fuc- 
ceffively  to  the  fufpended  magnetic  needle, 
one  may  eafily  difeover  in  what  part  of  it 
the  iron  is  lodged. 

8thly.  In  the  courfe  of  my  experiments 
on  the  magnetifm  of  brafs,  I have  twice 
obferved  the  following  remarkable  circum- 
ftance  ; — A piece  of  brafs,  which  had  the 
property  of  becoming  magnetic  by  ham- 
mering,  and  of  loling  the  magnetifm  by 

foftening. 
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foftening,  having  been  leYt  in  the  fire  tili 
it  was  partially  melted,  I found,  upon  trial, 
that  it  had  loft  the  property  of  becoming 
magnetic  by  hammering  ; but  having  been 
afterwards  fairly  fufed  in  a crucible,  it 
thereby  acquired  the  property  it  had  origi- 
nally, viz.  that  of  becoming  magnetic  by 
hammering. 

qthly.  I have  likewife  often  obferved, 
that  a long  continuance  in  a fire  fo  ftrong 
as  to  be  little  fhort  of  melting-hot,  ge>. 
nerally  diminiflies,  and  fometimes  quite 
deftroys,  the  property  of  becoming  mag- 
netic in  brafs.  At  the  fame  time,  the  tex- 
ture of  the  metal  is  confiderably  altered, 
becoming  what  fome  workmen  call  rotten. 
From  this  it  appears,  that  the  property  of 
becoming  magnetic  in  brafs  by  hanimering, 
is  rather  owing  to  fome  particular  con-^ 
figuration  of  its  parts,  than  to  the  admix- 
ture of  any  iron  j which  is  confirmed  ftill 
farther  by  obferving,  that  Dutch  plate- 
brafs  (which  is  made  not  by  melting  the 
copper,  but  by  keeping  it  in  a ftrong  de- 
gree of  heat  whilft  furrounded  by  lapis 
^qlaminaris)  alfo  pofleffes  that  property; 

at 
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at  leaft,  all  the  pieces  of  it,  which  I have 
tried,  have  that  property. 

From  thefe  obfervations  it  follows,  that 
when  brafs  is  to  be  ufed  for  the  conftruc- 
tion  of  inftruments  wherein  a magnetic 
needle  is  concerned,  as  dipping  needles, 
variation  compaffes,  &c.  the  brafs  fhould 
be  either  left  quite  foft,  or  it  fhould  be 
chofen  of  fuch  a fort  as  will  not  be  made 
magnetic  by  hammering;  which  fort,  how-» 
ever,  does  not  occur  very  frequently. 


CHAPTER  III. 

Examination  of  the  magnetic  properties  of 
fome  other  metallic  fubfances, 

The  refult  of  the  experiments  on 
brafs  induced  me  to  examine  other 
metallic  fubftances,  and  efpecially  its  com- 
ponents, VIZ.  copper  and  zinc  : though 
the  refult  of  the  experiments  has  hot  been 
very  remarkable,  excepting  with  platina, 

which 
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which  metal  has  properties  in  great  mea- 
fure  analogous  to  thofe  of  brafs. 

Having  examined  various  pieces  of  cop- 
per, by  means  of  the  fufpended  magnetic 
needle,  and  having  never  found  them  mag- 
netical,  except  only  fometimes  in  fuch 
places  which  had  been  filed,  and  where 
fome  particles  of  fteel  might  have  been 
left  by  the  file,  I next  proceeded  to  ham- 
mer fome  pieces  of  it,  not  only  in  the 
ufual  way,  but  likewife  between  flints  : 
the  refult,  however,  was  very  dubious;  for 
though,  in  general,  they  had  no  effedt 
whatever  on  the  needle,  yet  fometimes  I 
thought  the  needle  was  really  attracted  by 
fome  pieces  of  hammered  copper;  but 
then  this  attradtive  power  was  fo  exceed- 
ingly fmall  as  not  to  be  depended  upon. 

Zinc,  either  not  hammered,  or  ham- 
mered as  far  as  could  be  done  without 
breaking  it,  fliewed  no-  figns  of  attradlion 
whatever,  when  prefented  to  the  magne- 
tic needle.  Neither  had  a mixture  of  zinc 
and  tin  any  adtion  upon  the  needle. 

A piece  of  broken  refledlor  of  a tele- 
,fcope,  which  confifiedof  tin  and  copper; 

a mixture 
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a mixture  of  tin,  zinc,  and  a little  cop- 
per ; a piece  of  filver,  both  foft  and  ham- 
mered ; a piece  of  pure  gold,  both  foft 

and  hammered;  a mixture  of  gold  and  fil- 

* 

ver,  both  hard  and  foft ; and  another  mix- 
ture of  a great  cfeal  of  filver,  a little  cop- 
per, and  a lefs  quantity  of  gold,  either  be- 
fore or  after  hammering,  had  not  the  leaft 
adtion  on  the  magnetic  needle; 

Nickel  is  a metallic  fubftance,  v^hich 
has  been  fufpefted  to  polTefs  fome  de- 
gree of  attraction  towards  the  magnet^ 
independent  of  iron  ^ and  this  fufpi- 
cion  has  been  founded  upon  obferving, 
that  nickel  retained  its  magnetifm  after 
having  been  repeatedly  purified^.  There 
are,  however,  perfons  who  have  denied  the 
magnetifm  of  purified  nickel  • and  I have 
feen  fome  pieces  of  it  which  did  not,  in 
the  leaft,  affedl  the  magnetic  needle.  It 
is  probable  that  thofe  pieces  were  not  pure 
nickel,  and  perhaps  fonie  cobalt  was  con- 
tained in  them  ; but  I fee  no  reafon  why 
the  nickel,  when  alloyed  with  a little  co- 

See  Kirwan’i*  Mineralogy,  p.  342  and  367. 

bait. 
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bait,  fbould  fhevv  no  attraftion  towards 
the  magnet,  if  that  property  did  really  be- 
long effentially  to  it. 

Platina  was  the  metal  I lafl:  examined, 
and  the  experiments  made  with  it  feem  to 
deferve  particular  attention. 

Experiment  I.  A large  piece  of  platina, 
which  after  having  been  precipitated  from 
its  folution  in  aqua  regia^  had  been  fufed, 
or  rather  concreted  together,  being  pre- 
fented  to  the  fufpended  magnetic  needle, 
/liewed  not  the  lead:  fign  of  magnetifm. 
It  was  then  hammered;  but  after  the  third 
or  fourth  ftroke  of  the  hammer  it  broke 
into  many  pieces,  feveral  of  which  being 
tried,  llicwed  no  attraction,  nor  could  any 
of  the  fined:  particles  be  attracted  by  the 
inagviet  prefented  very  nearly  over  them. 
The  broken  furface  of  this  piece  of  pla- 
tina was  full  of  cavities,  fome  of  which 

I 

were  large,  and  others  juft  difcernible; 
and  altogether  the  metal  feemed  to  have 
undergone  an  imperfeCt  fufion. 

Experiment  II.  The  grains  of  native 
platina  were  examined  next,  by  putting  a 
magnet  jud:  over  them ; but  the  magnet 

attracted 
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attradled  not  above  ten  or  twenty  particles 
out  of  about  half  an  ounce  of  platina:  and 
thofe  which  were  attradted  had  little  or 
no  Ihining  metallic  appearance,  like  the 
reft,  and  were  exceedingly  fmall. 

Experiment  III.  Having  picked  out  fe- 
veral  of  the  largeft  grains  of  platina,  I 
prefented  the  magnet  to  themj  but  they 
were  not  in  the  leaft  attradled  by  it.  One 
of  thofe  grains  was  then  hammered  j by 
which  means,  after  about  eight  or  ten 
ftrokes,  it  was  fpread  into  a plate,  about  a 
tenth  of  an  inch  in  diameter,  and  nearly 
circular;  afterwards,  the  magnet  being  pre- 
fented to  it,  the  former  attradled  it  from  the 
diftance  of  about  one-twentieth  of  an  inch. 
The  other  grains  being  all  hammered 

one  after  the  other,  were  rendered  by  it  fo 

» 

far  magnetic  as  to  be  attradled  by  the  mag- 
net, and  to  difturb  the  magnetic  needle 
when  prefented  to  it.  But  there  were  fome 
' amongft  them  which  acquired  no  mag- 
netifm  at  all,  though  they  had  been  pur- 
pofely  hammered  much  longer  than  the 
others. 

As  far  as  I could  obferve,  thofe  pieces 

9 wdiich 
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which  would  not  acquire  any  magnetifm 
by  hammering,  had  not  a very  fhining  ap-^ 
pearance  before  the  hammering,  though 
afterwards  they  could  nor  be  diftinguifhed 
from  the  others  by  their  appearance  ; and 
they  feemed  not  to  fpread  under  the  ham- 
mer fo  eafily  as  the  others. 

In  general,  three  or  four  ftrokes  are  fuf- 
ficient  to  render  a grain  of  platina  evi- 
dently attractable  by  the  magnet ; but  about 
ten  ftrokes  give  it  the  full  power  it  is  fuf- 
ceptible  of. 

'Experiment  IV.  Thofe  grains  of  platina, 
which  in  the  preceding  Experiment  the 
hammering  had  rendered  capable  of  being 
attracted  by  the  magnet,  being  put  upon  a 
charcoal,  were  made  red-hot  by  means  of 
a blow-pipe  ; and  afterwards,  being  pre- 
fented  to  the  magnet,  and  likewife  to  the 
fufpended  needle,  they  (hewed  not  the  leaft 
fign  of  attraction.  Heat,  therefore,  de- 
prives them,  as  well  as  brafs,  of  the  pro- 
perty acquired  by  hammering.  A fecond 
hammering  rendered  them  again  attraCtable, 
though  not  fo  quickly,  nor  in  fo  great  a 
degree  as  it  had  done  the  firlf  time.  How- 
ever, 
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ever,  It  mufl  be  obferved,  that  the  pieces 
of  platina  having  been  rendered  flat  and 
thin  by  the  firft  hammering,  could  not  be 
fo  eafily  flruck,  nor  fpread  much  more,  by  ' 
the  fecond. 

. Experiment  V.  When  the  grains  of  pla-* 
tina  were  examined  by  the  magnet  whilfl: 
floating  on  the  furface  of  quickfllvei,  al- 
mofli  every  one  of  them  was  attracted  111 
a fmall  degree  ^ and  this  attraftion  was 
generally  fomewhat  increafed  by  the  ham- 
mering, even  in  thofe  which  had  it  never 
increafed  fo  far  as  to  attract  the  magnetic 
needle. 

If  it  be  true,  as  thofe  experiments  feem 
to  prove  beyond  a doubt,  that  the  power 
of  being  attrafted  by  the  magnet  may 
exift,  or  may  belong  to  other  fubftances, 
independent  of  iron,  it  muft  follow,  that 
the  attraction  of  a few  particles  of  any 
unknown  fubftance  by  the  magnet  is  not 
a fure  fign  of  the  prefence  of  iron.  Hence 
thofe  fubftances,  which  hitherto  have  been 
confidered  as  containing  ferruginous  par- 
tides,  for  no  other  reafon  but  becaufe  the 
magnet  attracted  them  in  a fmall  degree, 

X muft 
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muft  be  confidered  as  dubious;  and  the 
conclufion  of  the  exiftence  of  iron  ought 
not  to  be  admitted,  except  when  thofe 
particles,  which  have  been  feparated  by 
the  magnet,  appear  to  be  iron  by  fome 
other  trial ; for  though  it  be  true,  that  iron 
is  always  attracted  by  the  magnet,  yet  it 
docs  not  hence  follow,  that  whatever  is 
attracted  by  the  magnet  muft  be  iron. 


CHAPTER  IV. 

'Experiments  and  obfervations  relating  to  the 
attraclion  between  ferruginous  fubfances 
and  the  magnet^  in  their  dif'erent  fates  of 
exifence. 

IT  is  a propofitlon  well  eftabliftied  in 
magnetics,  that  foft  iron,  or  foft  fteel, 
acquires  magnetifm  very  eafily,  and  lofes 
it  with  equal  facility  ; but. that  hard  fteel 
acquires  that  power  with  difficulty,  and 

afterwards 
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afterwards  retains  it  obftinately.  From 

the  confideration  of  thofe  properties,  I 
was  led  to  imagine,  that  if  a piece  of 
flee],  whiltt  red-hot,  were  placed  between 
magnetic  bars,  and  whilft  ftanding  in  that 
iituation  cold  water  were  to  be  fnddenly: 
poured  upon  it,  fo  as  to  harden  it,  there 
might,  perhaps,  be  obtained  an  artificial 
magnet,  much  more  powerful  than  what 
can  be  produced  by  the  ordinary  way  ; 
becaufe  the  magnetic  bars,  employed  for 
fuch  purpofe,  would  communicate  a great 
degree  of  magnetic  power  to  the  fteel, 
when  red--hot,  and  confequently  foft,  which 
power  would  be  fixed  upon  the  fteel  by  the 
hardening. 

In  order  to  put  this  projeft  to  the  trial, 
fix  magnetic  bars  were  fo  difpofed,  in  an  ob- 
long earthen  veflel,  as  that  the  north  poles 
of  three  of  them  might  be  oppofite  the 
fouth  poles  of  the  three  others,  formino- 
two  parcels  of  bars,  lying  in  the  fime  di- 
redtion,*  and  about  three  inches  afunder, 
which  was  nearly  the  length  of  the  fteel 
bar  which  was  intended  to  be  rendered' 
magnetic.  Things  being  thus  difpofed, 

X 2 the 
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the  fteel  bar  was  made  quite  red-hot,  aniS 
in  that  ftate  was  placed  between  the  mag- 
netic tars  ; after  which^  cold  water 
immediately  poured  upon  it,  which  ren- 
dered it  fo  liard  as  not  to  admit  being  filed: 
its  masfnetifm  was  found  to  be  confidera- 
bly  Ifrong,  but  by  no  means  extraordinary. 
From  repeated  trials  with  fteel  bars  of  dif- 
ferent fizes,  and  by  ufing  a greater  or 
lefs  number  of  magnetic  bars,  I founds 
that  fhort  fteel  bars  acquire  a proportion- 
ably  greater  degree  of  magnet ifm,  by  this 
metliod,  than  thofe  which  were  longer; 
that  the  magnetifm  in  the  longer  bars  is 
not  proportionably  as  ftrong,  principally 
becaufe  the  artificial  magnets,  being  placed 
at  their  extremities,  have  very  little  power 
on  thofe  parts  of  the  pieces  of  fteel  which 
are  nearer  its  centre  ; and,  laftly,  that 
when,  in  order  to  remedy  the  juft-men- 
tioned inconvenience,  more  magnets  arc 
placed  nearer  the  middle  of  the  fteel  bar, 
then  this  piece  of  fteel  generally  acquires, 
many  fucceflive  magnetic  poles. 

Upon  the  whole,  it  feems  that  though 
this  method  alone  be  not  fufficient  to 
c communicate 
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communicate  to  fleel  bars  an  extraordi- 
nary degree  of  magnetifm,  yet  it  may  be 
of  great  ufe  in  conftrudiing  large  artificial 
magnets  ; for  if  thofe  bars,  inftead  of  be- 


ing hardened  in  the  ufual  way,  by  plung- 
ing them,  when  red-hot,  in  water,  be 
hardened  whilft  /landing  between  powerful 
magnets,  they  will  thereby  acquire  a con- 
fiderable  degree  of  magnetic  power,  with- 
out any  additional  trouble  to  the  work- 
man. They  may  then  be  polilhed,  after 
•which  they  may  be  rendered  more  flrongly 
magnetic  b}^  the  ufual  method  of  touch- 
ing them  with  . other  magnetic  bars  ; 
whereas  it  is  a very  laborious  operation  to 
render  magnetic  large  bars  of  hardened 
fteel  from  the  very  beginning,  viz.  when 
they  have  none  of  that  power. 


In  the  courfe  of  performing  thofe  trials, 
I frequently  obferved,  that  the  pieces  of 
fteel,  whilft  they  were  red-hot,  feemed  not 
to  be  attrafted  by  the  magnets;  fo  that 
the  leaft  /liock,  and  even  the  pouring  of 
the  water,  could  remove  them  from  the 


proper  fituation,  which  rather  furprifed 
me ; becaule  it  has  been  alTertcd  by  fome 

X 3 authors. 
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authors,  that  the  magnet  attrafts  red  -hot 
iron  as  well  as  cold.  Kircher  efpccially 
fays,  that  he  tried  the  experiment*,  and 
found  that  the  piece  of  iron,  heated  fo  as 
to  be  hardly  difcernible  from  a burning 
coal,  was  attradled  by  the  magnet  as  eafily 
as  when  cold  ; and  he  even  afiigns  a reafon 
why  the  power  of  a magnet  is  deftroyed 
by  a great  degree  of  heat ; whereas  the 
red  heating  of  the  iron  will  not  prevent 
its  being  attradted  by  the  magnet.  The 
reafon  he  gives  is,  that  the  fire  corrupts 
and  calcines  the  magnet,  but  purifies  the 
iron.  The  following  experiments  were 
made  in  order  to  afeertain  this  matter : 

I kept  a piece  of  fteel  in  the  fire  till  it 
was  quite  red-hot,  and  in  that  flate  pre- 
fented  the  magnet  to  it,  fo  as  to  touch  it 
repeatedly  in  various  places  j but  no  figa 
of  attradlion  could  be  perceived  before  the 
rednefs  difiippeared.  I mean,  however, 
fuch  rednefs  as  may  be  evidently  feen  in 
the  clear  day-light ; for,  as  was  fliewn  by 
other  experiments,  when  the  magnet  be^ 

pe  Magnate,  lib.  I.  p.  II,  theorem  XXXI. 

gins 
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sins  to  attrad  the  heated  iron,  the  rednefs 

O 

of  the  latter  can  ftill  be  feen  in  the  dark. 

Having  repeated  the  experiment  with  dif- 
ferent pieces  of  iron,  and  of  fteel,  the  rc- 
fultwas  conftantly  the  fame,  whilft  the 
iron  or  fteel  remained  quite  red-hot,  or 
white-hot,  the  magnet  did  not  attradl  it ; 

I 

but  the  attraction  began  when  the  degree  of 
rednefs,  which  is  clearly  perceivable  in  the 
day-light,  began  to  difappear ; and  it  was 
as  ftrong  as  ever  when  the  iron  was  cooled 
a little  more  than  when  the  rednefs  quite 
difappeared  in  the  dark.  In  regard  to  this 
limit,  or  maximum  of  attra<5tion,  I think  I 
have  obferved,  as  well  as  the  nature  of 
the  experiment  would  permit,  a difference 
between  fteel  and  iron^  which  is,  that  in 
the  fteel  the  maximum  of  attraction  fol- 
lows the  difappearance  of  the  red  heat 
fooner  than  in  iron. 

This  experiment  is  fubjeCt  to  two  four- 
ces  of  miftake,  wdiich  perhaps  mi  fled 
Father  Kircher,  and  which  it  is  mecelfary 
to  mention,  for  the  fake  of  others  who 
wifh  to  repeat  it.  The  firft  is,  that 
when  a piece  of  iron,  of  no  great  extent, 
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is  red-hot,  or  even  white-hot,  in  one 
place,  and  below  a red  heat  in  other  parts, 
the  magnet  will  frequently  attradl  it, 
though-  the  red-hot  fide  be  prefented  to 
it.  The  fecond  caufe  of  miftake  is,  that 
when  a fmall  piece  of  iron  or  fteel,  as  a 
common  fewing  needle,  is  made  red-hot, 
and  is  then  prefented  to  the  magnet,  if 
the  magnet  touch  it,  that  contact  cools  it 
inftantly  below  the  neceflary  degree  of 
heat,  and  of  courfe  the  attradtion  takes 
place.  It  is  owing  to  this  laft  caufe  that 
I have  not  jet  been  able  to  afcertain, 
whether  the  attraction  between  the  mag- 
net and  the  iron  be  quite  annihilated,  or 
only  diminifhed  to  a great  degree,  by  ren- 
dering the  iron  red  or  white  hot  ^ fb  that 
I can  only  fay  with  certainty,  that  a mag- 
net will  not  attract  a certain  piece  of  iron  ■ 
■ red-hot  or  white  hot ; whereas  it  will  at- 
tract another  piece  of  iron,  at  lead:  fifty 
times  bigger,  if  it  be  cold,  or  below  a 
red  heat. 

To  try  this  experiment  in  a different 
and  more  convincing  manner,  I heated  a 
large  iron  nail  till  it  was  white-hot,  and 

' in 
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in  that  ftate  placed  it  upon  an  earthen  fup- 
port,  near  one  pole  of  the  magnetic  nee- 
dle, fo  as  to  lie  not  in  the  fame  direction,  ' 
but  on  one  fide  of  it.  Then,  looking  at- 
tentively on  the  graduated  circle  of  the 
compafs,  I obferved,  that  the  needle  was 
not  in  the  lead:  moved  from  its  natural 
fituation,  whilft  the  nail  remained  red-hotj 
but  as  foon  as  the  rednefs  began  to  dif- 
appear,  the  needle  advanced  towards  the 
nail,  and  a few  feconds  after  the  needle 
pointed  diredlly  towards  it. 

, I tried  whether,  in  this  experiment,  any 
difference  was  occafioned  by  the  magnet’s 
being  natural  or  artificial ; but,  as  it  might 
be  expedted,  there  was  none. 

In  purfuance  of  thofe  magnetic  experi- 
ments wherein  heat  is  concerned,  I tried 
the  effedts  which  took  place  when  the 
magnet  was  heated  j but,  as  the  diminution 
of  its  power  by  heating,  and  an  increafe 
of  it  by  cooling,  were  obferved  and  de- 
fcribed  by  the  late  Mr.  Canton*,  I fhall 
only  add  a circumftance,  which  may  per- 
haps be  new.  It  is,  that  an  artificial  mag- 
net, after  having  had  its  power  diminifhed 

• Phil.  Tranf.  Vol.  LI. 
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by  heating,  does  not  recover  it  intirely  again 
by  cooling  ; having  conftantly  found,  that 
the  magnets  which  had  been  heated,  after 
cooling  would  never  hold  as  great  a weight 
of  iron  as  they  did  before..  The  heat  to 
v/hich  thofe  magnets  were  expofed  never 
exceeded  that  of  boiling  water.  This  was 
rendered  more  evident  by  the  following 
experiment. 

A magnetic  bar  was  placed,  in  an  earthen 
veflel,  at  Ibme  dijftance  from  the  fouth  pole 
of  the  needle  of  a very  good  compafs ; by 
the  adtion  of  which  magnet  that  end  of 
the  needle  was  drawn  feveral  degrees  from 
the  magnetic  meridian,  or  from  the  di- 
reilion  in  which  it  flood  before.  In  this 
fituation  of  the  apparatus,  boiling  water 
was  poured  into  the  veffel  wherein  the 
magnet  flood,  in  confequence  of  which 
the  needle  went  back  two  degrees  and  a 
half.  Seme  time  after,  when  the  water 
was  quite  cold,  the  needle  was  found  nearer 
to  the  magnet,  but  not  fo  near  as  it  flood 
before  the  hot  water  was  poured  into  the 
vefiel . 

0 

Next  to  the  effedls  of  heat,  I was  de-^ 

firous 


New  Experiments.  315 

iH-ous  of  trying  what  could  be  effeded  by 
decompofing  the  iron  j and  for  this  pur- 
pofe  an  earthen  velTel,  containing  about 
two  ounces  of  iron  filings,  was  placed  near 
the  fouth  end  of  the  needle  of  the  com- 
pafs,  by  which’  the  needle  was  drawn  a 
little  out  of  its  natural  diredlion.  Hav- 
ino"  marked  where  the  needle  now  flood, 

fome  water  firft,  and  then  fome  vitriolic 

/ 

acid,  were  poured  upon  the  filings,  which 
occafioned  a brific  effervefcence,  and  a co- 

I 

pious  produdtion  of  inflammable  air  j but 
foon  after  the  beginning  of  the  eifer- 
vefcence,  I was  furprifed  to  obferve,  that 
the  needle  came  nearer  to  the  veflel,  {hew- 
ing that  the  attradljon  between  the  needle 
and  the  filings  had  been  increafed  by  the 
adtion  of  the  vitriolic  acid  ,upon  the  lat- 
ter, which  is  contrary  to  what  could  have 
been  expected  ; for  if  we  confider  that  the 
power  of  a magnet  is  diminiflied  by  heat;, 
and  that  red-hot  iron  has  either  no  attrac- 
tion at  all,  or  an  exceedingly  fmall  de- 

i 

gree  of  it,  towards  the  magnet,  we  might 
have  concluded,  that  the  adion  of  the 

vitriolic 
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vitriolic  acid  upon  iron  would  immediately 
diminifh  its  attraction,  befides  the  other 
ftrong  reafon,  arifing  from  the  dephlogifti- 
cation  of  the  iron  occafioned  by  the  effer- 
vefcence ; and,  in  faCl,  fome  time  after, 
when  the  violence  of  the  effervefcence, 
and  of  courfe  the  production  of  inflam- 
mable air,  begins  likewife  to  diminifh  ; 
and  at  lafl,  when  the  effervefcence  is  hardly 
perceptible,  the  needle  is  found  to  fland 
farther  from  the  veffel  containing  the 
filings,  &c.  than  it  flood  before  the  vitri- 
olic acid  was  added,  which  diminution  of 
attraction  is  certainly  owing  to  the  lofs  of 
phlogiflon  ; it  being  well  known,  that  iron 
is  lefs  and  lefs  attracted  by  the  magnet  in 
proportion  as  it  approaches  nearer  to  the 

calcined  ftate. 

* 

As  a Angle  experiment  ought  not  to  be 
depended  upon,  when  an  error  may  be  oc- 
cafioned by  many  concurring  circumftan- 
ces,  I repeated  this  experiment  with  great 
precaution,  taking  care  that  nothing  might 
fhake  the  needle,  or  the  reft  of  the  ap- 
paratus ; but  the  refult  was  nearly  the  ■ 

fame. 
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fame,  the  attradlion  between  the  iron 
filings  and  the  needle  being  at  firft  in- 
creafed  by  the  aftion  of  the  vitriolic  acid. 

In  order  to  afcertain  that  this  effeft  was 
not  owing  to  the  heat  generated  by  the 
effervefcence,  the  pot,  with  fome  iron 
filings,  was  placed  near  the  magnetic  nee- 
dle, as  before ; then  fome  boiling  water 
was  poured  upon  the  filings,  which  heated 
them  much  more  than  the  diluted  vitri- 
olic acid  could  have  done ; but  the  mag- 
netic needle  was  not  moved  in  the  lead: 
from  its  original  fituation. 

The  fufpicion  which  occurred  next  was, 
whether  the  eftervefcence  might  not  agi-^ 
tate  the  iron  filings,  fo  as  to  bring  a greater 
number  of  them  to  that  fide  of  the  velfel 
which  ftands  contiguous  to  the  magnetic 
needle.  In  order  to  obviate  this  objedlion^ 
the  experiment  was  repeated  with  a fingle 
piece  of  fteel  wire,  twifted  in  various  di- 
redtions,  fo  as  to  be  admitted  into  the 
pot  i in  which  cafe  the  metal  prefented  a 
large  furface  to  the  acid,  and  it  was  not 
fubjedl  to  be  moved  by  the  effervefcence. 

The 
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The  refult  was  fimilar  to  that  obferved 
with  the  filings,  viz.  the  attraction  was 
increafed  by  the  adtion  of  the  acid  on  the 
wire  : and  here  follows  the  particular  ac- 
count of  the  experiment. 

About  fix  yards  of  clean  fteel  wire^ 
fomewhat  lefs  than  one- fiftieth  of  an  inch 
in  diameter,  being  twifted  in  various  di- 
rections, was  put  into  an  earthen  vefibl, 
which  was  placed  near  the  fouth  end  of 
the  magnetic  needle,  which  in  confequence 
of  that  was  drawn  from  its  natural  fitu- 
ation,  viz.  from  281°  to  280°.  After 
adding  the  diluted  vitriolic  acid,  a ftrong 
effervefcence  commenced,  and  the  needle 
came  to  279°  47  ^ About  five  minutes 
after,  it  ftood  at  279°  35';  five  minutes 
after  this,  it  ftood  at  279°  30'.  And  a 
little  after  this  obfervation,  it  apeared  to 
be  even  fomewhat  nearer  to  the  pot  than 
the  abovementioned  point.  The  experi- 
ment was  then  difcontinued ; and  on  re- 
moving the  pot,  the  needle  went  back  to 
its  original  fituation,  viz.  281%  which 
{hewed,  that  its  alteration,  during  the  pro- 

cefs. 
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cefs,  was  occafioned  by  the  aftion  of  the 
acid  on  the  fteel,  and  not  by  any  extrane- 
ous caufe. 

On  examination,  the  wire  was  found 
only  blackened  on  its  furface,  but  not 
nearly  confumed ; I had,  therefore,  the 
curiofity  of  trying  the  fame  wire  again, 
and  accordingly  it  was  placed,  in  the  fame 
veflel,  near  the  magnetic  needle,  which 
attracted  the  latter  from  its  original  fitu- 
ation  281®  to  aSo"".  After  having  added 
the  acid,  the  needle  came  nearer,  as  in  the 
preceding  experiment ; and  a fliort  time 
after  it  flood  at  279°  30',  at  which  time 
the  pot  was  removed,  there  being  no  oc- 
cafion  to  continue  the  experiment  any 
longer. 

.On  pouring  the  liquor  out  of  the  pot; 
the  wire  did  not  appear  to  be  much  wafted. 
The  pot  was  then  replaced  near  the 
needle,  fo  as  to  attradt  it  a little,  as  be- 
fore ; but  on  pouring  boiling  water  upon 
the  wire,  a pretty  briftc  effervefcence  took 
place,  and  the  needle  was,  in  confequence, 
attradled  flill  nearer.  This  experiment 
fliewed,  that  though  the  diluted  acid  had 

been 
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been  poured  out,  yet  there  remained  a 
quantity  of  it  adhering  to  the  wire,  which 
was  fufficient  to  renew  the  effervefcence, 
when  affifted  by  the  heat  of  boiling  water. 

Upon  the  whole,  it  appears,  that  the 
action  of  vitriolic  acid  upon»  iron  or  fteel 
increafes  their  attraction  towards  the  mag- 
net ; that  this  increafe  of  action  has  a 
limit,  after  which  it  begins  to  decreafe; 
and  that  this  limit  feems  to  come  fooner 
when  iron  than  when  fteel  is  ufed;  but, 
however,  with  regard  to  this  laft  particular 
I am  not  yet  quite  certain,  fince,  in  the 
experiments  hitherto  made,  the  variety  in 
the  fliape  or  bulk  of  the  iron  or  fteel  may 
have  occafioned  a confiderable  difference. 

After  the  refult  of  thofe  experiments, 
it  was  natural  to  examine  the  effec^l  which 
other  acids  might  have  on  iron  and  fteel ; 
therefore  the  above-mentioned  experiment 
of  the  fteel  wire  was  repeated  with  nitrous 
inftead  of  vitriolic  acid ; the  refult  of 
which  was,  that  the  attraction  between 
the  magnetic  needle  and  the  wire  was  in- 
creafed,  but  hot  fo  much  as  when  vitri- 
olic acid  had  been  ufed.  The  maximum 

of 
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of  the  attradlion  feemed  to  come  fooner 
when  nitrous  than  when  vitriolic  acid  is 
ufed  5 after  which  limit  the  attradlion  de- 
creafes  much  fafter  in  the  former  than  in 
the  latter  cafe,  which  is  evidently  owing 
to  the  metal  being  more  eafily  dephlogifti- 
cated  and  diflblved  by  the  nitrous  than 
by  the  vitriolic  acid. 

The  marine 'acid  was  tried  next ; but, 
notwithftanding  all  the  precautions  I could 
take,  it  always  occafioned  a very  weak 
effervefcence,  and  the  needle  was  not  in  the 
lead:  affedted  by  it. — A ftrong  effervefcence 
feems  necelfary  to  increafe  the  attradlion 
between  the  magnet  and  iron  or  fteel. 
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CHAPTER  V 


Promifcuous  experiments ^ and  fame  thoughts 
concerning  the  caufe  of  the  variation  of 
the  needle. 


HE  following  experiment  will  fhow, 


that  an  exceedingly  fmall  quantity 
■ of  iron  will  render  a body  fenfibly  capa- 
ble of  being  attracted  by  the  magnet. 
Having  chofen  a piece  of  Turkey-flone, 
which  weighed  about  an  ounce,  I ex- 
amined it  by  a very  fenfiWy  magnetic 
needle,  and  it  did  not  Ihew  the  leaft  de- 
gree of  attraction,  the  needle  not  being 
moved  from  its  ufual  direction  by  the  vi- 
cinity of  any  part  of  the  furface  of  the 
tone ; I then  weighed  a piece  of  fteel, 
with  a pair  of  fcales  that  turned  with  the 
twentieth  part  of  a grain,  and  afterwards 
drew  one  end  of  it  over  the  furface  of  the 
ftone  in  various  directions.  This  done, 
the  piece  of  fteel  was  weighed  again,  and  was 
2 found 


New  Experiments.  3^3 

found  to  have  loft  fo  fmall  a part  of  its 
weight  as  not  to  be  difcernible  by  that 
pair  of  fcales.;  yet  the  Turkey-ftone, 
which  had  acquired  only  that  fmall  quan- 
tity of  fteel,  affefted  the  magnetic  needle 
very  fenfibly. 

Chemiftry  feems  not  to  afford  any  means 
by  which  fo  fmall  a quantity  of  iron  may 
be  deciiively  detedied  in  a body  that  weighs 
one  ounce.  Hence  it  follows,  that  though 
no  iron  "can  be  difcovered  in  a body  by 
chemical  methods,  yet  it  fhould  not  be 
concluded,  that  the  faid  body,  if  it  affedl 
the  magnetic  needle,  does  not  owe  its  mag- 
netifm  to  feme  fmall  quantity  of  iron  con- 
cealed in  its  fubftance. 

Having  examined  the  magnetifm  which 
iron  acquires  from  the  earth  by  mere  po- 
fition,  in  bars  of  various  lengths,  I always 
found  them  pofleffed  of  only  two  poles, 
even  when  the  bars  were  about  twenty  feet 
in  length ; one  half  being  poffelfed  of  one 
polarity,  and  the  other  half  of  the  con- 
trary polarity.  Sometimes,  indeed,  I found 
more  than  two  poles,  but  then  the  bar 
was  not  of  a uniform  nature,  and  its  poles 

Y .2  were 
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were  not  eafily  reverfed  by  inverting  th« 
pofition  of  the  bar. 

After  having  thus  related  the  refult  of 
experiments,  I may  be  permitted  to  add  a 
few  thoughts  concerning  the  application 
of  thofe  obfervations  towards  accounting 
for  the  variation  of  the  magnetic  needle. 

This  wonderful  phenomenon  has,  fince 
it  was  firft  difcovered,  employed  the 
thoughts  of  very  able  philofophers ; many 
hypothefes  having  been  offered,  not  only 
for  Its  explanation,  but  even  to  foretel  the 
future  variations  in  various  parts  of  the 
world.  I need  not  detain  my  reader  with 
a particular  hiflory  of  thofe  hypothefes; 
but  fhall  only  obferve,  in  .general,  that 
neither  have  their  predidlions  anfwered, 
nor  were  any  of  them  founded  upon  evi- 
dent .principles.  The  fuppofition  of  a 
large  magnet  being  inclofed  within  the. 
body  of  the  earth,  and  of  its  relatively, 
moving  with  refpedt  to  the  outward  fhell 
or  cruft  ; the  fuppofition  of  there  being 
four  moveable  magnetic  poles  within  the 
earth ; the  hypothelis  of  a magnetic  power, 
partly  within  and  partly  without  the  fur- 
I face 
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face  of  the  earth;  together  with  feveral  other 
hypothefes  on  the  fame  fubjedl,  are  not 
only  unwarranted  by  adlual  experiments, 
but  do  neither  feem  analogous  to  the. other 
operations  of  nature.  The  late  Ingenious 
Mr.  Canton,  F.  R.  S.  was  the  firft,  who 
endeavoured  to  account  for  the  daily  varia- 
tion of  the  magnetic  needle  by  the  heat- 
ing and  cooling  of  the  magnetic  bodies '^in 
different  parts  of  the  earth’s  furface ; 
which  was  in  confequence  of  his  having 
firft  obferved,  that  the  action  of  the  mag- 
net on  the  needle  was  diminifhed  by  heat- 
ing, and  increafed  by  cooling‘s. 

Following  Mr.  Canton’s  judicious  me- 
thod of  deriving  the  explanation  of  na- 
tural appearances  from  properties  actually 
proved  by  experiments,  I think,  that  the 
increafe  and  diminution  of  magnetic  at- 
trailion,  by  heating  and  cooling  of  the 
magnet,  as  obferved  by  Mr.  Canton,  to- 
gether with  the  refult  of  the  experiments 
deferibed  in  the  preceding  Chapter,  feem 
fully  fufficient  to  account  for  the  general 
' variation  of  the  needle, 

♦ Phil.  Tranf.  Vol.  LI,  p.  398. 
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If  we  colledl  under  one  point  of  view 
$11  the  caufes  hitherto  afcertained,  which 
can  increafe  or  diminifli  the  attradion  be- 
tween magnetic  bodies,  we  (hall  find,  that 
the  attradion  between  the  magnet  and 
iron,  or  between  magnet  and  magnet,  is 
increafed  by  cooling,  by  a regeneration  of 
iron,  or  phlcgiftication  of  its  calx,  and, 
within  certain  limitations,  by  the  adion 
of  acids  upon  the  iron ; that  this  attrac- 
tion is  diminifiied  by  heating,  and  by  the 
decompofition  of  iron ; and,  laftly,  that  it 
is  probably  annihilated  by  a very  great  de-» 
gree  of  heat. 

Thefe  truths  being  premifed,  it  muft 
be  confidered,  firft,  that,  according  to  in- 
numerable. obferyations  and  daily  experi- 
ence, the  body  of  the  earth  contains  al- 
moil  every  where  ferruginous  bodies  in 
various  dates  and  bulks.  Secondly,  that 
the  magnetic  needle  muft  be  attraded  by 
all  thofe  bodies,  and  its  fituation  or  di- 
redion  muft  be  determined  by  all  thofe 
attradions  confidered  together,  viz.  from' 
their  common  centre  of  adion.  Thirdly, 
that  by  removing  or  altering  the  degrees 
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of  attradlon  of  forme  of  thofe  bodies, 
which  are  fituate  on  one  fide  of  the  mag- 
netic meridian,  more  than*  of  thofe  fitu- 
ated  on  the  other  fide,  the  above-men- 
tioned common  centre  of  attractions,  and, 
of  courfe,  the  direction  of  the  magnetic 
needle,  muft  be  altered,  which,  in  faCt,  is 
the  variation  of  the  needle.  And,  laftly, 
that  this  alteration  in  the  attractions  of 
fome  of  the  ferruginous  bodies  in  the  earth 
muft  undoubtedly  take  place,  it  being  oc- 
^ cafioned  by  the  parts  of  the  earth  being 
irregularly  heated  and  cooled,  by  the  aCtion 
of  volcanos,  which  decompofe  or  otherwife 
alter  large  malTes  of  ferruginous  fubftance; 
by  earthquakes,  which  remove  ferrugi- 
nous bodies  from  their  original  places; 
and  we  may  add  alfo  by  the  aurora  borealis-, 
for  though  we  are  as  yet  ignorant  of  the 
caufe  of  that  furprifing  phenomenon,  it  is, 
however,  certain,  that  the  magnetic  nee- 
dle has  been  frequently  difturbed  when  the 
aurora  borealis  appeared  very  ftrong. 

The  magnetic  needle,  therefore,  being  " 
neceflarily  affeCted  by  thefe  caufes,  and  they 
appearing  fufficient  to  acount  for  its  varia- 
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tion,  it  feems  unnecelTary  to  have  recourfe 
to  other  hypothetical  caufes,  which  are  not 
eftablilhed  on  adlual  experience. 

In  order  to  exemplify  this  explanatioii 
of  the  variation  in  a familiar  manner,  I 
made  the  following  experiment:— Four 
earthen  veffels  were  dlfpofed  round  the 
magnetic  needle,  two  near  its  fouth,  and 
the  other  two  near  its  north  pole,  but  not 
at  equal  diftances.  In  one  of  thofe  velTels 
there  was  placed  a natural  magnet;  the 
fecond  contained  feveral  fmall  bits  of  mag- 
netic fteel  mixed  with  earth ; and  in  each 
of  the  other  two  there  were-  put  about 
four  ounces  of  iron  filings.  Things  be- 
ing thus  difpofed,  and  left  undifturbed  for 
about  half  an  hour,  the  needle  remained 
unaltered.  Then  the  pieces  of  magnetic 
fteel  and  earth  were  ftirred  with  a flick, 
in  confequence  of  which  the  needle  was 
agitated.  After  this,  fome  diluted  vitri- 
olic acid  was  poured  upon  the  filings  iri 
one  of  the  veflels,  the  adlion  of  which  atr 
tradted  the  needle  that  way;  but  whilfl: 
the  needle  remained  in  that  fituation,  fome 
diluted  vitriolic  acid  was  poured  upon  the 

iron 
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iron  filings  in  the  other  veflel,  which  flood 
on  the  other  fide^  in  confequence  of  which 
the  needle  went  back  again  towards  its  for- 
mer diredion.  Whilfl  the  effervefcences 
were  going  on  in  the  two  velTels,  the  magnet 
in  the  firfl  veflel  was  heated  by  means  of 
boiling  water,  which  occafioned  another 
alteration  in  the  diredion  of  the  magnetic 
needle ; and  thus,  by  altering  the  flate  of 
the  ferruginous  fubflances  in  the  veflelsj 
the  needle's  diredlion  was  altered,  in  evi- 
clent  imitation  of  the  natural  variation. 
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O page  lo In  the  procefs  for  con- 


verting caft  iron  into  malleable* iron, 
befides  the  adtion  of  heat  and  air,  the 
metal  is  alfo  hammered  in  various  direc- 
tions by  heavy  hammers. 

To  page  1 31.  — Amongft  the  other 
points  of  analogy  between  magnetifm  and 
eledlricity,  the  following  obfervation  muft 
be  enumerated ; viz.  that  when  the  aurora 
borealis  (which  has  been  thought  to  be 
an  eledlrical  phenomenon)  forms  a lumi- 
nous arch  towards  the  northern  part  of 
the  horizon,  the  mojft  elevated  part  or 
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middle  of  that  arch  is  generally  in  the 
magnetic  meridian. 

To  page  153. — In  the  ufua]  conftruc- 
tion  of  magnetic  needles,  the  points  or 
extremities  of  the  needle,  which  indicate 
the  divifions  on  the  graduated  circle,  &c, 
are  below  the  point  of  the  needle’s  fuf- 
penfion  3 hence,  when  the  needle  vibrates 
not  horizontally  but  like  a pendulum, 
thofe  points  cannot  be  fteadily  diredled  to 
the  fame  divifions;  to  avoid  which,  in  the 
beft  fort  of  needles,  efpecially  thofe  ufed 
for  variation  compafles,  two  pieces  of  other 
metal  are  affixed  to  the  extremities  of  the 
needle  3 which  pieces  are  firft  bent  alitleway 
upwards,  and  then  they  are  turned  again 
horizontally,  fo  as  to  terminate  in  the  fame 
line  with  the  needle’s  point  of  fufpenlion. 

To  page  162. — The  pivots  of  thejim- 
bols  of  this,  as  well  as  of  the  common 
fort  of  compaffes,  muft  lie  in  the  fame 
plane  with  the  point  of  fufpenfion  of  the 
needle  or  card  3 in  order  to  avoid,  as  much 
as  poffible,  the  irregularity  of  the  vibra-p 
tions. 
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A LETTER  to  the  Author. 


Dear  Sir, 

When  you  was  pleafed  to  mention  your 
having  Inlerted,  in  your  new  publicatloa 
on  Magnetifm,  the  general  cafes  I had  fur- 
nilhed  you  with,  refpeding  the  declinations 
of  the  magnetic  needle  which  would  refult 
from  every  poffible  aflumed  politlon  of  the 
magnetic  poles,  fuppofing  the  earth  to  be 
one  great  homogeneous  natural  magnet  ^ I 
wilhed  that  you  had  added,  as  an  exam- 
ple of  the.  laft  and  mofl:  important  cafe, 
the  real  Hate  of  the  magnetical  declina- 
tions about  the  middle  of  this  century; 
which,  from  the  beft  obfervations  I could 
then  procure,  I had  alfo  committed  to  pa- 
per above  twenty  years  ago.  But  I find  it 
would  now  come  too  late  for  your  Printer; 
and,  upon  farther  confideration',  I am  of 
opinion,  that  it  would  be  of  much  more 
confequence,  if  either  yourfelf,  or  fome 
of  the  .other  ingenious  Members  of  the 
Royal  Society,  would  take  the  trouble  of 
comparing  the  magnetical  obfervations* 
made  during  the  different  voyages  which, 
by  order  of  his  prefpnt  Majefty,  were  all 

undertaken 


334  APPENDIX, 
undertaken  and  performed  during  the  time 
I was  abroad ; and  from  the  whole,  to- 
gether with  fuch  other  helps  as  they  might 
have  accefs  to,  if  one  general  chart,  fuch 
as  Dr,  Halley'  s,  was  now  publiflied,  it 
would  not  only  prove  a valuable  prefent 
to  our  modern  navigators,  but  might  alfo 
furnifli  a material  ftep  towards  the  invefti- 
gation  of  this  curious  and  interefting  fub- 
jedl. 

It  is  very  remarkable,  that  when  Cap- 
tain Cook,  in  his  fecond  voyage,  croffed 
the  line  of  no  declination,  which  palTes 
through  the  continent  of  New  Holland, 
the  declination  • of  his  compaffes  altered 
about  14®  in  two  days  run  : again,  in  his 
laft  voyage,  though  not  fo  far  fouth,  the 
alteration  of  the  declination,  in  proportion 
to  the  diftance,  was  greater  than  ufual 
near  to  that  line.  The  dipping-needle 
likewife  Ihows  a confiderable  degree  of 
inclination  upon  this  line.  In  Ihort,  from 
various  confiderations  it  would  appear, 
that  if  this  Earth  has  the  common  pro- 
perties of  a natural  magnet  with  only  two 
poles,  one  of  them  muft  be  fituated  in 
this  line;  and,  though  not  within  the  60* 

of 
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of  latitude,  as  Mr.  Euler  imagined,  yet 
it  may  poffibly  be  found  not  far  from  the 
70°.  If,  therefore,  it  appears  pradticable 
to  fail  to  the  70°  of  fouth  latitude,  or 
beyond  it,  about  the  meridian  of  Botany 
Bay,  keping  in  eaft  declination;  and  then 
to  run  weftward  till  the  weft  declination 
becomes  evident : if  at  the  fame  time  they 
have  a dipping-needle  on  board,  that  with- 
out much  trouble  could  give  the  magnetic 
inclination  at  fea  with  a tolerable  degree 
of  accuracy* **;  and  about  a hundred  weight 
of  foft  iron,  with  a good  balance,  I cannot 
help  thinking  that  fome  curious  difeo- 
very  might  be  made. 

The  ingenious  M.  Maupertuis,  in  his 
letter  to  the  late  King  of  Pruffia  on  the 
advancement  of  -the  fciences,  among  other 
curious  articles,  having  mentioned  a north- 
ern voyage,  adds,  “ to  obferve  the  phe- 
“ nomena  of  the  loadftone,  on  the  very 
“ fpot  from  whence  it  is  fuppofed  to 

* See  the  defeription  of  my  dipping-needle,  page  i68, 
,and  in  the  Philofophical  Tranfailions  Vol.  LXV. 

**  draw 
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draw  its  original  influence.’'  But 
fuch  voyages  were  not  in  the  power  of 
Frederic  the  Great.  It  is  to  our  pre- 
lent gracious  Sovereign  that  the  world 
will  eyer  be  indebted  for  fuch  noble, 
extenfive,  and  difinterefted  difcoveries. 
All  accefs  to  the  north  pole  having  been 
proved  impradticable,  by  the  voyages  of 
Lord  Mulgrave  and  Capt.  Cook,  it  now 
only  remains  to  be  determined,  whether 
it  is  poflible  to  come  at  the’fouth  magnetic 
polej  which,  for  the  reafons  already  men- 
tioned, feems  at  leafl  more  probable,  if  it 
bejudicioufly  attempted. — Along  with  this, 

I have  fent  you  a few  curfory  obfervations 
on  the  declination,*  which  I have  always 
confidercd  as  the  mofl:  important,  as  well 
as  the  moil  curious  part  of  the  fubjeil  of 
magnetifm.  If  you  chufe  to  publilh  them 
in  your  Appendix,  you  are  not  to  confider 
them  as  complete  or  infallible : I only 
wifli  to  take  this  opportunity  of  exciting 
enquiry  into  this  very  interefting  fubjeil; 
and  when  your  Book  comes  to  a fecond 
edition,  I hope  to  have  it  in  my  power  to 
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communicate  fomething  more  fatlsfadory 
on  this  head;  for  I ever  am. 

Dear  Sir, 

Your  moft  obedient 

humble  fervant, 

J.  LORIMER. 

Mr.  Cavallo* 

ift.  That  line,  which  I fliall  call  thd 
Atlantic  line  of  no  declination,  feems  to 
take  its  origin  from  the  north  magnetic 
pole,  and  crofling  the  different  meridians 
in  a fouth-eafterly  diredlion,  refembling 
in  form  the  long  letter  S,  it  traverfes  the 
continent  of  North  America,  enters  the 
Atlantic  ocean  to  the  northward  of  Charles- 
Town,  and  fo  proceeds  towards  the  fouth 
pole.  Upon  the  weft  fide  of  this  line 
there  is  eaft  declination,  and  upon  the 
eaft  fide  thereof,  weft  declination ; which 
laft  gradually  increafes  as  you  go  to  the 
eaftward,  till  you  get  beyond  the  Cape 
of  Good  Hope,  or  about  mid-way  be- 
tween the  Atlantic  and  the  Eaft-India 
line  of  no  declination,  where  it  amounts 
to  31%  about  the  latitude  of  48®  fouth  5 

Z and 
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and  then  it  regularly  decreafes  to  the 
India  line  of  no  declination.  ' ■ • ■ ’ 

Again,  as  you  go  to  the  eaftward  of 
that  line  of  no  declination,  the  eaft 
declination*  increafes . rapidly  till  you  get 
to  the  eaffward  of  New  Zealand,  where 
it  is  upwards  of  13''  even  ^ in  that  -la- 
titude ; but  from  thence  as  you  proceed 
caftward,  • for  about  40 in  longitude, 
this.  declLnation * appears  to  decreafc  ; 
and  again  if  increafes  till  you  are"  to  the 
eaftward  of  Cape  Horn  ;*  where/ *in  ^the 
latitude  ofi5i''  fouth,  if  amounts ‘to  2i‘*‘ 
2S\  and  then  gradually  decreafes  to  the 
Atlantic  line  of  no'  declination^  aforeiaid. 
Upon  the  .whole,  it  would  • appear,  that 

thefe  obfervationa  agree  pretty  nearly  with 

» 

the  4th  general  cafe  which  I formerly -fen t’ 
you,  except  in  that  decreahng  eaft  declina- 
tion to  the  eaftward  of  New  Zealand.  But 
admitting  that  the  vaft  body  of  water  in 
the.  great  Pacific  ocean;  which  cannot 
have  any  magnetic  properties,  fliould  have 
no.effedt  in  producing  this  irregularity, 
yet  :we  are  not  to  exped:  even  ^that  the 
folid  parts  of  this  globe  can  be-fo  uni- 
formly 
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formly  magnetical  throughout,  as  to  an- 
fwer  entirely  with  calculation  in  every 
part  thereof. 

ad;  The  magnetic  needle  not  only  de- 
clines, or  varies  from  the  true  north,  dif- 
ferently in  different  parts  of  the  earth  at 
any  one  time  ^ but  likewife  in  the  fame 
place  this  declination  is  different  at 
different  times : I would  therefore  call 
it,  by  way  of  diftindtion,  the  variation  of 
the  magnetic  needle. 

3d.  At  London  and  Paris,  where  the 
moft  accurate  obfervations  have  been  made, 
towards  the  latter  end  of  the  lixteenth 
century  (and  we  cannot  pretend  to  much 
earlier  obfervations)  there  was  between  ii* 
and  12°  of  eaft  declination,  which  gradu- 
ally decreafcd  ^ fo  that  in  lefs  than  a hun- 
dred years  afterwards,  there  was  no  decli- 
nation at  all  in  thofe  places.  From  1657 
at  London,  and  1666  at  Paris,  a weft  de- 
clination began,  and  has  ever  lince  in- 
creafed,  gradually  though  not  uniformly, 
or  in  the  diredt  proportion  of  the  times 
for  fuch  is  the  pature  of  the  magnetic  de- 

Z 2 clination. 


340  APPENDIX, 

clinatlon,  that,  like  the  apparent  motion  of 
the  planets,  fometimes  itisfafter,fometimes 
flower,  and  at  other  times  it  is  flation-- 
ary ; analogous  alfo  to  the  elongations  of 
the  inferior  planets,  at  one  time  it  is  to 
the  eafl:,  and  at  another  time  to  the  wefl:, 
alternately. 

We  may  further  obfcrve,  tliat  the  de- 
clination lines  of  the  fame  name,  have 
always  refpecSively  pafled  London  fome 
years  before  the  fame  lines  arrived  at  Paris ; 

and  the  like  obfervations  have  been  .made 

* 

in  other  parts  of  the  northern  hemifphere: 
that  is,  in  this  hemifphere,  the  Halleyan 
lines  have  regularly 'paired  thofe  places 
firfl;  which  lay  moll:  wefterly ; and  fo  in 
order  thofe  which  lay  more  to  the  eafl  ward. 
For  in  the  latter  end  of  the  fixteenth,  and 
the  beginning  of  the  feventeenth  century, 
there  was  an  eaflern  declination  over  moft 
parts  of  Europe,  while  on.  the  coaft  of 
North  America  a weft  declination  prevail- 
ed; the  line  of  no  declination  being  then 
fituated  about  the  Azores.  This  line  of 
no  declination  has  ever  fince  moved  gra- 
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dually  eaftward,  the  lines  of  eaft  declina- 
tion receding  before  it,  while  thofe  of  the 
weft  declination  have  regularly  followed  it. 

4thly.  In  thefouthern  hemifphere,  how- 
ever, it  is  quite  otherwife ; for  about  the 
latter  end  of  the  fixteenth  century,  a line 
of  no  declination  palTed  near  to  the  Cape 
of  Good  Hope,  upon  the  eaft  fide  of  which 
there  was  weft  declination,  and  upon  the 
weft  fide  thereof  eaft  declination;  each  of 
which  declinations,  in  going  eaftward  or 
weftward,  gradually  increafed  to  a certain 
degree,  and  then  in  the  fame  manner  de- 
creafed  to  nothing,  fomewhere  to  the  eaft- 
ward of  Java,  one  of  the  Eaft  India 
iflands. 

The  declination  in  the  Pacific  ocean  has  not 
as  yet  (in  1775)  been  fo  fully  afcertained, 
only  in  general  we  find,  that  the  declination 
is  eafterly  over  moft  part  of  that  extenfive 
ocean.  The  line  of  no  declination,  which 
was  then  fituated  a little  to  the  eaftward  of 
the  Cape  of  Good  Hope,  has  ever  fince 
been  moving  to  the  weftward,  and  the 
lines  of  eaft  declination  have  gradually  re- 
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ceded  before  it,  while  thofe  of  the  weft 
declination  have  followed  it  with  a pror 
portional  pace ; fo  that  at  the  Cape  of 
Good  Hope  there  is  now  a confidcrable  weft 
declination  (about  22*^),  and  the  line  of  no 
declination  has  moved  many  degrees  to 
the  weftward  thereof. 

5th.  From  the  preceding  obfervations 
then  it  plainly  appears,  that  the  Halleyan 
lines  in  the  fouthern  hemifphere  do  gra- 
dually move  from  eaft  to  weft,  while  the 
motion  of  thofe  lines  in  the  northern,  he-r 
mlfphere  is  from  weft  to  eaft;  and  here 
we  fliall  reft  the  matter  for  the  prefent. 

I juft  beg  leave  to  obferve,  that  in  treat- 
ing of  this  fubjedt,  I have  all  along  only 
endeavoured  to  explain  the  manner  in  which 
magnetifrn  afts  upon  this  globe;  yet  if 
the  preceding  conclufion  is  admitted,  viz, 
that  the  progreffive  motion  of  the  lines 
of  declination  in  the  northern  hemifphere 
is  canftantly  from  weft  to  eaft,  and  in  the 
fouthern  hemifphere  from  eaft  to  weft, 
this  difcovery  will  be  of  as  great  ufe  to  us 
in  framing,  regulating,  or  judging  of  our 
7 future 
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future  charts  or  tables  of  the  declination, 
or  variation  of  the  mariners  compafs,  and 
will  anfwer  the  purpofes  of  navigation  as 
well,  as  if  we  were  thoroughly  acquainted 
with  the  primary  caufes  of  all  the  pheno- 
mena of  magnetifm. 


THE 


/ 


THE 

INDEX. 


A 

AO  ^ T E C A P Sj  for  compafs  needles,  defer ibcd^ 
page  148. 

Amplitude  of  a celeftial  obje£l,  what,  248 — how  afccr- 
tained,  25O. 

Animal  fubjlances  attracSled  by  the  magnet,  73. 

Armature  of  a magnet,  what,  38 — conftrudlion  of, 
265— ftrengthens  the  power  of  the  magnet,  267. 

Artificial  magnets^  what,  2 — general  method  of  mak* 
ing  them,  76.  80.  221— made  without  the  inters 
ference  of  any  magnet,  according  to  the  vulgar 
idea,  77 — particulars  necelTary  to  be  kept  in  view 
in  conferuding  them,  95 — Mr.  Canton’s  method 
of  conftrudling  them,  231— crooked,  how  made, 
239 — in  what  manner  they  are  to  be  armed,  267— 
a new  method  of  conftrudfing  them  examined, 
307. 

AitraSlion  of  gravitation,  19— of  cohefion,  19 — chy- 
mical,  20 — ele£lrical,  20. 

Attractions  magneticaU  2.  1 9.  20 — takes  place  between 
magnetic  poles  of  different  name,  4 — is  various  ac- 
cording to  circumftances,  21 — where  ftrongeft,  22— 
is  mutual  between  the  magnet  and  iron,  2i — law 
of  its  diminution  not  yet  gfeertained,  22 — is  not 

affeded 


INDEX. 

afFe£led  by  the  interpofition  of  any  fubflance  ex- 
cept iron,  5cc.  34 — in  what  manner  it  may  be  in- 
creafed  or  diminifhed,  35.  215 — of  the  north  pole 
of  a magnet  flrongeft  in  the  northern  hemifphere, 
&c.  35 — of  one  pole  of  the  magnet  is  increafed  by 
applying  a piece  of  iron  to  the  other  pole,  36 — is 
proportionably  ftronger  in  fmall  natural  magnets 
than  in  larger  ones,  36 — between  the  magnet  and 
other  bodies,  66 — between  the  magnet  and  other 
bodies,  how  afcertained,  177— between  the  mag- 
net and  brafs,  284.  295 — is  not  a fure  indication  of 
the  prefence  of  iron,  305 — is  increafed  by  the  action 
of  acids  on  iron,  315. 

AxU  of  a magnet,  what,  41. 

Azimuth  compafsy  what,  156 — defcribed,  162— *ufe  of 

. defcribed,  248.  250,  &c. 

Azimuth  of  a celejiial  objeSf^  what,  156— in  what  man- 
ner muft  be  afcertained,  251.  254. 

B 

Bars,  magnetic,  McxxhtAt  143— proper  way  of  keeping 
theni)  143— — conftru£lion  of.  See  -^rtijicial  enagnetSm 

Brafs,  its  properties  relating  to  magnetifm  examined, 
283— fummary  of  the  obfervations  relating  to  its 
magnetifm,  295— caution  concerning  the  ufe  of, 
299. 

C 

Caps  for  compafs  needles,  of  brafs,  147— of  agate,  148. 

Centre,  magnetic,  what,  88— its  generation  and  motion, 
208 — removed,  220. 

Chart,  declination,  yihsii,  112— Dr.  Halley’s,  112.  iix. 

Meirrs.  Mountain  and  Dodfon*s,  ii2.  114, 

Cinders^  finery^  what,  10. 

Cobalt  zttszSiti  by  the  magnet,  70— a fort  of,  repelled 
by  the  magnet,  71.  ^ 

fommunicated  magnetifm^  29.  7^, 

Compafs,  mariners,  what,  45_its  invention,  45— its 

variation, 
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variation,  46-— principal  forts-of,-  156-^dercribeds 
156*  agitation  attempted  to  be  prevented. 

160.  - . . 

I 

Comp af s ^ variation y^Q(cx\hc^y  16'^,  ' ' ' 

Compound  magnet^  conftrudlion  of,  267,  268.  , 

CondutioTi  for  artificial  magnets,  what,  159.  > . 

Cott  er  not  magnetic,  300.  - j ^ 

Culminating  pointy  what,  88— laws  concerning  it,  89. 

2X8.  ‘ ■ 

• T r 

D 

Declination  of  the  magnetic  needle y what,  46 — not  ow.» 
ing  to  the  imperfedf  confirudlion  of  the  ’needles, 
&c.  49—difcovery  of,  49 — lift  of  the  declination  in 
various  places,  52 — in  London,  55 — eaft  or  weft 
what,  52 — how  afeertained,  249.  256— lines  of  che[ 
what,  113.  337. 

pipping  of  the  magnet y or  of  the  magnetic  needle, 
what,  4.  42 — in  what  manner  is  to  be  obferved 
257.  , . . ’ 

Dipping-needle  deferibed,  166 — ufe  of,  257— imper- 
tedions  of,  258. 

DireSlive  property  of  the  magnety  42—  its  ufes,  44 — is 
extended  to  a greater  diftance  than  the  attradion, 
97.263. 

Double  touchy  what,  239. 


Earthy  confidered*  as  a large  magnet,  61 — its  magr 
netifm  ftiewn,  77 — hypothefis  of  its  magnetifm, 
107 — conjedure  relating  to  its  magnetifm,  1 15. 

Earths  attradled  by  the  magnet,  72. 

EleSiridty  produces  magnetifm,  83.  269 — its  analogy 
to  magnetifm,  126.  331. 

EUdtrieSy  what,  129. 

E<^uator  of  a magnet,  what,  41, 


F Ferruginom 


J N D E X, 

» 

F 

Ftrru^lnm  fulftances,  what,  14— become  magnetic 
when  brought  within  the  fphere  of  a magnet  s ac- 

tion,  29. 

Filings  of  irony  the  magnet’s  a£^:ion  on  them,*i9io 

Finery  cinderSy  what,  lo. 

Q 

Gold  not  magnetic,  301. 

H 

Heat  diminifhes  the  attraaion  between  the  magnet 
and  iron,  309.  31O.  313. 

Heating  of  a magnety  a remark  thereon,  314. 

Horfe^Jhoe  magnety  defcribed,  38. 

I 

Jimbolsy  what,  157. 

Inclination  of  the  magnety  or  of  the  magnetic  needhy  4* 
42.  59 —lift  of  in  different  places,  64. 

InJlrumen*.Symagneticaly^Q{cr\ht^y  141— rtheir  ufe,  246. 

Irony  is  attraded  by  the  magnet,  2.  20— -the  attrac- 
tion is  mutual  between  it  and  the  magnet,  21 — its 
ores,  7— natural  hiftory  of,  6— its  fpecific  gravity,  6 
^ — caff, what, 9— rmalleable,  10.  33 1 — red  ftiort,  what, 
10 — cold  (hort,  what,  10 — is  calcinable,  13 — foft, 
is  attracted  more  powerfully  than  ferruginous  bo- 
dies, 2i-r^is  attracted  with  different  degrees  of  force 
accordingto  its  various  ftates,  67.315 — attracted  dif- 
ferently according  to  its  various  fize,  68 — when 
foft  it  does  not  retain  the  magnetifm,  75 — acquires 
magnetifm  by  pofition,  77 — its  weight  not  affedled 
by  being  rendered  magnetic,  93 — acquires  mag- 
netifm by  remaining  long  in  one  fituation,  &c.  82 
^acquires  magnetifm  from  the  earth,  221 — when 
red-hot  is  not  attracted  by  the  magnet,  309.  310 — - 
effedls  that  happen  in  the  decompofition  of,  315 — 
an  exceedingly  fmall  quantity  of  is  attradlable,  322. 

L Lapis 


I N D 
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L 

heracleusy  what,  x. 

Lapis  nauticus^  what,  2. 

Leady  its  calx  attracted  by  the  magnet,  70. 

Lines  of  declination  or  of  variatioHy  what,  1x3 — of 
weft  declination,  eaft  declination,  113 — p 

of  no  declination,  1 13— obfervations  on  them,  337, 

Load-fioncy  what,  i. 

M 

Magnify  natural,  what,  i.  16 — its  etymology,  i — ar- 

* tificial,  what,  2 — its  charadtcriftic  properties,  2 — ^ 
its  poles,  3 — its  dire6Hve  property,  3 — its  declina- 
tion, 3 — ‘attracts  iron,  &c.  2.  66 — attraifls  and  re- 
pels another  magnet,  4 — its  colour,  17 — its  hard- 
nefs,  18  — where  found,  18 — its  power  weakened  by 
heat,  35 — lofcs  nothing  of  its  power  by  imparting  , 
magnetifm  to  other  bodies,  80 — cannot  communi- 
cate a ftronger  power  than  itfelf  pofleftes,  So — its 
power  weakened  by  an  improper  fituation,  93 — its 
a61ion  on  magnetic  bodies,  184 — often  has  more 
than  two  poles,  39 — why  it  attra<fts  foft  iron  more 
powerfully  than  any  other  ferruginous  body,  206. 

properties  in  general,  2 — poles,  3 — polarity, 

3 — needle,  3 — meridian,  3 — attraction  and  repuU 
lion,  2.  4.  19. — See  Attraction  and  Repulfton* 

Magnetical  inftruments.  See  Injlruments — line,  what, 

62 — needle,  See  Needle,  ' 

AJagnetifm  communicated,  29.  75 — requires  a certain 
time  to  be  communicated  to  hard  iron,  &c.  81 — 
not  always  communicated  by  rubbing  a piece  of 
fteel  with  an  iron  bar,  99 — its  analogy  to  clecSlrici- 
ty,  126 — communicated  to  iron  from  the  earth, 
221.  225 — an  eafy  way  of  communicating  it  to  a 
Irijall  piece  of  ftce),  220 — in  what  manner  is  to  be 
communicated  by  means  of  two  magnetic  bars, 
236 — communicated  by  the  application  of  one  mag- 
netic pole,  241 — communicated  by  means  of  elec- 
tricity, 83.  269 — requires  a certain  time  to  pene- 
trate 
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trate  through  a piece  of  iron,  270— of  a wire  weak- 
ened or’deftroyed  by  bending,  272 — of  fplit  wires, 
274. 

Magnets^  their  a£lion  on  each  other,  207. 

Adariners  compafs.  See  Compafs* 

Medicinal  properties  of  the  magnet  not  true,  102. 

Meridian  of  a magnet^  what,  42. 

Metallic  mixtures^  certain  not  magnetic,  300.  30 1. 

Minerals^  earthy,  attracted  by  the  magnet,  72— in- 
flammable, attracted  by  the  magnet,  72. 

N 

Natural  magnets^  in  what  manner  their  power  may 
be  impaired,  244 — how  ftrengthened,  245 — their 
power  impaired  much  more  by  cutting  off  a part 
in  the  dire£lion  of  the  axis,  than  otherwife,  266- 
in  what  manner  mull  be  armed,  265 — imitated, 
270. 

Needle^  magnetiCy  its  declination,  3 — Its  inclination  or 
dipping,  4 — its  conftruclion  various,  146 — its  bed 
fort  of  fufpenfion,  147.  332 — an  improper  way  of 
conftrucling  them,  148 — a fort  of  fufpenfion  wherein 
the  perforation  is  avoided,  149 — Chinefe  way  of 
fufpending  it,  150 — for  the  variation,  how  con- 
fl:ru<Sled,  153 — a univerfal  one  deferibed,  168— • 
particulars  to  be  kept  in  view  in  the  conftru6lion 
of,  153.  332 — dipping,  deferibed,  166 — the  author’s 
peculiar  way  of  fufpending  it,  276. 

Nid’ely  whether  magnetic,  301. 

Notions y erroneous,  relating  to  magnetifm,  ioi» 

O 

Obfervation  compafsy  what,  170. 

Ores  of  irony  7. 

P 

# 

Paradox y magnetic,  261. 


Pelnt 
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Potki  df  faiurailm^  92*— culminating,  88.  Sg.  218. 

Points  of  the  compafs^  what,  I57~names  of,  158— ^ 
table  fhewing  the  angles  they  make  with  the  meri- 
dian, 159.  . ' ' 

Points  of  indifference^  what,'  87 — laws  Concerning 
them,  89.  ..  . 

Platina^  its  magnetic, properties,  302.' 

Polarity^  what,  3. 

Poles  of  a niagnety  whatj  3— of  the  fame  name  repel^ 
but  of  diffcrcrrt  name  attract  each  other,*  4;  28. 32 — 
how  afcertainedj  39— ^their  ufual  number,  39.  40— 
their  fituation  in  good  magnets,  40 — fucceffive  ones 
in  the  fame  bar,  86.  187 — fome  of  their  poflible 
fituations  examined,  117 — to  find  them  out  in  a 
magnetic  body,  181.  182 — their  mutual  adlion  on 
each  other,  21O.  212.  217 — their  generation  in  a 
broken  magnet,  2i8~in  long  bars  of  foft  iron  only 
two,  323. 

0. 

^nickfilvery  ufeful  for  afeertaining  the  attraction  be- 

^"tween  the  magnet  and  certain  fubftances,  179 — re- 
marks on  the  ufe  of,  280. 

R 

Repuljion  between  magnetic  proles  of  the  fame  name, 
4.  29. 

Rhumbs^Vfh^t^  157 — their  names,  158— table  fhewing 
the  angles  they  make  with  the  meridian,  159, 

S 

Silver^  not  magnetic,  30 1. 

Single  touchy  what,  239. 

Steely  what,  10 — its  properties,  1 1— how  hardened, 
j j— how  tempered,  ii— which  fort  of  it  is  belt, 

how  to  find  out  the  fort  fit  for  magnetic  bars, 

1^2 when  red-hot  is  not  attraCled  by  the  magnet, 

309.  310. 


Stonesy 


INDEX, 

Stcnti,  predouSf  fome  of  them  are  attra£led  by  the 
magnet,  72. 

Supportsy  what,  145 — necefiary  in  the  conftruaion  of 
artificial  magnets,  231.  • 

T 

Tempering  oi  fted,^  what,  12- 

Terrella^  what,  41. 

Theory  of  magnetifm,  10^. 

Touchy  double  or  fingle,  what,  239^ 

Traverfmg  property y what,  3. 

Farlatlon^of  the  magnetic  needle  difcovered,  50— daily^ 
58 — needle,  153 — compafs  defcrib'ed,  163 — com- 
• pafs  of  a new  fort  propofed,  279 — *the  author’s 
thoughts*thereoh,  324 — an  experiment  excmplify-- 
.ingit,  328.  ^ ^ 

Vegetable  fubjlances  attraded  by  the  magnet,  73. 

Fejfel  at  fea,  in  what  manner  is  ftcered  by  means  of 
the  compafs,  44. 

w'..  . 

tVatery  ufeful  ih  the  method  of  afcertaining  the  at- 
tradion  between  the  magnet  and  certain  fubftan^- 
ces,  178. 

Z , 

Xlncy  not  magnetic,  3C0.' 
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A Treatife  on  the  Nature  and  Properties^ 
of  Air,  and  other  permanently  elaftic 
Fluids;  to  which  is  prefixed  an  Introduc- 
tion to  Chymiftry.  Quarto,  with  Plates, 

The  Hiftory  and  Pradlice  of  Aeroftation. 
Odlavo,  with  Plates, 

A Treatife  on  Eleilricity,  in  Theory  and 
Praftice,  with  original  Experiments, 
The  Third  Edition.  Two.  Volumes 
Odavo,  with  Plates. 

Two  Mineralogical  Tables,  with  an  Ex- 
planation  and  Index. 
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